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Effécts of thiamine derivatives on the isolated rabbit atria

Norio Akaike (Clinical Pharmacology Department, Products Control Laborator&, Tanabe
Seiyaku Co., Ltd.)

The effects of thiamine-HCI, thiamine diphosphate (CoC) and their derivatives on the
contractile tension, Heart rate and transmembrane potentials of the atria have been investi-
gated. The increase in the contractile tension was found by CoC and thiamine derivatives
(10~* g/ml), but not by thiamine-HC], the magnitude of increase being in the order of o-’
butyrylthiamine disulfide (BuTDS)==thiamine tetrahydrofurfuryl disuifide (TTFD)>thiamine
monophosphate disulfide (TMPDS)==CoC. The addition of BuTDS and TTFD induce a
marked decrease in both the heart rate and the rate of repolarization for 180 min. The
preliminary treatment by BuTDS, equimolar to 1074 g/ml thiamine-HC], for 25 min, abolishes -
completely the depressant effect of 10-7 g/ml ACh and reduces the effect of 1075 g/m! ACh
remarkably. The pre-treatment of BuTDS for 30 min is more effective than thiamine-HCl
in reducing both the increase in the rate of repolarization and the occurrence of arrhythmia .
resulting from interruption of oxygen supply to the Tyrode fluid. However, thiamine-HCI
and BuTDS hardly modify the decreased contractile tension by anoxia. The pre-treatment
with BuTDS for 30 min hardly antagonizes the inhibitory effects of 0.5mM IAA on the
contractile properties of the atria.

Na, K and Cl contents in atrial muscles after immersion in either normal or BuTDS
Tyrode solution show no significant difference from each other.

The mechanism producing both the prolonged plateau and a positive inotropic action by
the application of BuTDS was discussed. It is concluded that BuTDS and TTFD have
similar effects on the heart muscle and that their effect are different from those by thiamine—

HCl, CoC and TMPDS.
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iL4 thiamine FFEMAKRDBAFEIIE L ES,
ZNED WL OhBRBREICHERL LTk
LR EERZRTLORIEES T, Sikch
e BERERTEN, EEENIC, EERL
PHLEBID L 5T - TEDDI, 2 &
% ¥ thiamine propyl disulfide (TPD), thiamine
terahydrofurfuryl disulfide (TTFD) iz & »
NEH OB O MBS R S ¥, FRCHEIR
EEa s L 72 b+ O, Nakazawa and Ueno®
i, Fo T NVEY MEREEALCT, [HEE
F1ER & LT HEBR DB ELL ST P —D

EEH TTFD tl@sh s 0ic, [EEE® thia-

*EDEEE chRRET EREER
(FEFn4242 1 A 216 %)

{J. Physiol. Soc. Japan (1967) 29, 145-159]

mine T 7 h—EREEH AT, EEERH
PR EETE AR ORI BB T
L&Wwic. EFEo thiamine FHEKIC X B
fEE R, AEEEs, 77 b —ERIT, ZF ,
Sk thiamine {EfTiZ7 <, FHEMAO/LZHE
ERFTEREEATh S L —RCELONTE
7z. L» L TTFD @#H&h¥dgsd, 77 -
BEmRTicb bbby, thiamine LR U I
WEEMmMAPE I SR VEVIHED 2, EET<
HHILE i3t L TPD, thiamine 1377 b —ZE
BEANE 3 ELCPPD LT, IUEERE R
DEVHIFHRG BB, REBT VI X OHH
Lz OEEAR I 2 v T, EEBLUOEEAR
FFlz, (i) Thiamine hydrochloride (thiamine),
thiamine diphosphate (CoC) b # ik,

475 b & thiamine monophosphate disulfide -

(TMPDS), o-butyrylthiamine disulfide (BuTDS),
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TTFDiz k Y RSBz sha» )
» bLEZEhBEBIE, Thix TTFD %
TPD T4 b5 & 5 i BEMD, 77 b—
IR L EEBERT 5 b0, 70T OHEEOR
Ao 7T b —EREC LM > OBRSEET
oL H. (i) HEES, 8% 77 b
— LA E Uiz LT hiE, % hid thiamine
FEAODF T B REBERP, Thi b
HER . (i) Z0FEEHRE V2 HER

BEicksdbodr UEoEBIZOWTHHL

7e.
£ B 5 &

BA EBRICIXTRCHEE 23~3.0kg 0p
ATFX (8, ) BEA L. EFRERTICH
RIEERE BIWT L, Bufupgeiy 30°C o & A v —
PR TLE, Z0EERYEVELEERE
R L7z, BARHHAE bICEREEBE BT
it L. :

W ZA m— g0 MR (g/1) 1k, NaCl
8.0, KCl 0.2, CaCl,«2H,0 0.265, MgCl, »
6 H,0 0.1, NaH,PO, - 2 H,0 0.515, NaHCO,
1.0, 7 F s 1.0 , NaHCO;, 7 Koz %
Lt fbBHix, Bid - TIOfEHEE LTRE,
EBREFC A A VAKRTHER LA 2.

WRHEROBRE BAEEHOWEARII40m]
T, 35+0.2°C i2HEFEL, TOHRDRTTAL v
BB Lic/hanv s FLREicELE 2~4KDE
"CEELRL. FAu—FREEEIB% O, &
59% CO, BEHNATHMENT, £0LAK
WTHA v — FEPIBERETILOEE TS
e, WoONBRERIAT ST LS. #o
TR X 5 EIRAS/KE O BHE 2 8 iR
T 7V —NVIRBETCER L. BB LS
BHEEFLSA v~ PR EECBELTOESR
Z4 w— FKROBEX, BleicRidic 1 7%
FERALT, BWEEED 2HEEPBEAT S DL
Hir 2 5330 4 S LTITE Y, F0
%1% 0.5 ml/min OEE CRFERIC X 5 EBEHR
ERAT Lic. EEESh AR, fERED

DI TEERECIATRY, BNk s

BB AIOREI AL S THH LT, &
BB —EkE 7.

EBXHEE FEARZEE LR, B
DELCKCEAREEZENT 4 VTCOER, FD
RN OEEEZER N T VAT o~ —, #
BHEMBEN L TR UVEESTRBETER L.
EBVIERA 2B 5 51, BRICEY A
&b xic. BEEMORERY 7 ZAFD10~40
MQ o#EHix & > Ling and Gerard F D/~
BB TITR - 72101, B o MIBANERLIE
Y K7 m U -, EREEDEYETSREeS
vuza—7icBg, JEL, OBRIFER
A vESRERCOEr N, DNBEED S
DH/NEBORIAC DY, LEERDOEIEIC
L BMOBREZB S BOBEEL TRT2HC
LY, ERBMIZRET Y RRFEHE—ME» &
DIEFNEN DOFLBEBFTRETH -7z,

BESH  DEHIC W TROBIERITE 5
. EFEGHET 120 5EER B o RigT,
thiamine &M HBIZ603 M &2 EF # A =
— Mg HRYVOOSMEFEELI I v—F
RCEHRYE, REERKRE L. Zo%RRGER
EFROHL, TRECAETHEZBEERY
WE L. WiCHEZMEL, 50ml R
B AN, EROIERICHYT 5 BiA 4 vk
iz 7. F15~2085RIMER, 3,000, p. m.
TISHHEOE L, LEEERLE. 20k
BERICHA A L AKRTISBBRLT, HRE
REZWE L. Na, K OEESHIIELS
#ri&s, Cl ix Schales and Schales #:13) = k-
7z.

fEF %4y Thiamine hydrochloride(thiamine),
thiamine diphosphate (CoC), thiamine mono-
phosphate disulfide (TMPDS), o-butyrylthiamine
disulfide (BuTDS), thiamine tetrahydrofurfuryl .
disulfide (TTFD), acetylcholine chloride (ACh),
mono-iodoacetic acid (TAA) T4 5 (Fig. 1).
ET W UTcRE, BiEE ST L ik NaHCO,
EEEMbZ CEE S A v— FiEo pH LT
Q 72~T13 BBIC/EB X DT Lic. Hipis.
?D L & thiamine L ZDFHFHEMBITF A v — P
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B LI b OTER L TFRv, —JF ACh,
TAAR SEEREEILL L &4 v — FiEPIcE
BRMLT, RRBEREMNOLOICESD XD
i Lic. ¥z 2h& o &5 13 DEH O IEER
B, EES—IE L 75 56053 R I HAD 7.

® B & R

1. F¥EARIzHT 2 thiamine & #DHE
RDOIER
A. IUHETRS
R L104g/ml &, $&E[E%idthiamine
D RERIGHRE 52 HICA0SHBE LILEE
RBRCT, —ERC-E L L. ThEmE
DFRIHR L CH DN, FEEOERRHEOR
BASKRO SEIZST S Z LA TE k. (i) Thia-
mine (3 EZ40FE L Y 5 ~10% DT INHE
EBHOHBRER 2 RT A, TOBRELT  EL
{FDEFMHIFESN. (i) TMPDS %205
309 ER A P 72 A, 405351 —FERA L,
FOBENEIEN T O TER CC &
1 ER USSR % 72 & 57z, (iii) BuTDS, TTFD
B EBERIERE OB & Lich, 105431%
b E BY, 100%ERET S
(Fig. 2). #.5.100 5314 O%hHI > v~ T thiamine
DR L OB OFEERELITR S &, CoC,
TMPDS i3 1%® L~ ¢, BuTDS, TTFDix
01% DVRLTERERERY, 1505%0
FEIic BTt BuTDS, TTFD it CoC iz%}
LT1%DVANVTHEEEREFR L.
B. #Eh%k
Thiamine, CoC, TMPDS 3#¢ 5% 3 ~ 5
SC—BEDEEOEME AT, INERY
BRSO mEEE RS, ThE3E
BIRICERN 5D »7-. #iF5 BuTDS, TTFD i
HEBR /13858 A U5 1043 & 0 B & 2 i I8
B ERL, ARG L ki s
A2 (Fig. 2). = LTHEESEL LAY 5
7= thiamine, CoC, TMPDS #%iz % % BuTDS,
TTFD Dzhi3, 30, 10045 EA#% ZzhZh 1 %,
01% DLVRAVTHETH ~Tz.
C. [EBN

I:“ﬁ‘m‘z CHO

&
& C—— CH,—N
oly=¢ ¢ Nl
N=CH CH.—0CO-CH.,~CH~
L o CHpCHp000 0,-CiyCHy |
3
BuTDS
N—C—NR
N—C—Nh, oo .
—C C —— CH,N
T ? N ? 48,0
Ne=CH .
[ Nu,-0n,-0-P-0E 2
. 27082707
3
0" 2
TUPDS
Fig. 1. Chemical structure of o-butyrylthiamine

disulfide (BuTDS) and thiamine monophosphate
disulfide (TMPDS).

N 0 - 50min.(7-i5)
X Thiamine-HCt 50 - 180min(5- 8)
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Time (min.)
Fig. 2. Time course of changes in the contractile
tension and the heart rate of the naturally beating
rabbit atria produced by thiamine-HCl, CoC and
their derivatives. Numerals in parentheses indicate
the number of experiments. In these figures both
the contractile tension and the heart rate are ex-
pressed as per cent of the values recorded about 60
min after the equilibration with Tyrode solution.
Drugs (1074 g/ml) were introduced into the bath at
time 0 in the figures. There is no significant diffe-
rence between BuTDS and TTFD in the effect on
the heart rate within 60 min after introduction of

the drugs.
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Fig. 3. Effects of thiamine-HCIl, CoC and their
‘derivatives on the transmembrane potentials recor-
ded from. the atrial non-pacemaker area. Action
potentials from a single fibre of the rabbit right

_ atria were superimposed. Arrows indicate direction
of changes of the action potential configuration
after the addition of drugs. A ; before and 150 min
after the addition of 10~%g/ml thiamine-HC], and
C and E ; before and 180 min after the addition
of CoC and TMPDS (10~4g/ml), respectively. No
changes in the magnitude of the action potential,
resting potential and “plateau” phase are seen. B ;
before and 10 and 40 min after addition of thia-
mine-HCl (3% 107%g/ml), and D and F ; before
and 10, 60, 120 and 180 min after addition of
BuTDS and TTFD (104g/ml), respectively. A
marked decrease in the rate of repolarization and
a decrease in the resting potential are noticed in
B. Note a marked decrease in the rate of repola-
rization and a significant decrease in the overshoot
in F.

Table 1.

Thiamine, CoC, TMPDS G 3 150~18043 iz
#ILEN (Er), IEEIENL (Ea) o k& &%, 90%
B0 Ea OfF (to) 11 & A EE{LI
2 o7 (Fig. 3 A, C, E), BuTDS, TTFD ©
RHEEES L AT LT, EOmRE ORI
X% ty QMR -7 (Fig. 3D, F). BuTDS
L TTED iz £ % teo EEZEEICHT 2K
gL LThbbl, —EYEoERL, -
7z < too %LE L7752 o7z thiamine iRph#R
LIZDonT, X7 MVEBEERERITE o7,
(i) BuTDS ¢ thiamine @ 0, 10, 20, 30, 404y
EEESZHER I CAEESED bhic. Th
t% TTFD b thiamine Ric RSz L7z, (i)
BuTDS ¢ TTFD [o-<7 VN, #I3K
D%~ 0, 10, 20, 30, 4043{E ¢, — thiamine
FEAMICER L VEEF L.

D. E¥FA v— FIRTOVEDR

150~1804y MMk 5%, EXE XA v — FiR

TA0~6043 BIPENE R 1775 - 2. CoC, TMPDS iz,
X B ULHERR 73 D B8RS I 2 IR BT D fEIC
B8 L, thHERBRP IR e Er oM
BSOS B &bz, #%%13 thiamine
oW ThBIEShiz. —F, BuTDS T
Sz IR RE S A ERT, 1ERASRK
WY Ui B, R L7z to X¥EHEHRL ZO
FEHE ST,

E. e thiamine O{EH

Effects of thiamine~HCl, CoC and their derivatives on the transmembrane

potentials recorded from the atrial non-pacemaker area. The concentration of all the drugs
was 1074 g/ml. All values are the mean+S. E. tq ; duration of the action potential at 90%

repolarization time

Drugs I\CI)cf). Time Er Ea Eo too
cases (min) (mV) (mV) (mV) - (mseq) ( %‘)
17 0 85.74+0.8 118.2+1. 325+1.1  117.04+25  100.0
Thlamme { 5 60 86.1+0.6 118.5+2. 324+14  115.0%55 98.3
3 150 85.1 117.8 32.7 130.0 111.1
6 0 85.3+1.6 1164+31 3L1+17  1355%8.0  100.0
6 60 86.0+15 119.0+34  33.0+21 140075 1033
4 180 85.2+1.9 117.3%+47  32.1+32  1495+8.0 1103
21 0 85.74+0.9 116416 307408  1225+50 100.0
TMPDS 7 60 856+19 1185+26  329+1.1  134.0+85 1094
3 180 85.1 117.1 32.0 123.5 £100:8
23 0 85.3+0.9 1161+14  30.8+08  1355+50 -100.0
BuTDS 9 60 853+1.4 117.8+18 325+11  2115+85 1561
8 180 84.7+17 1154+26  30.7+1.2  244.0+13.0 180.1
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1. InkEsES BERBEWEL, 3, 6,
10, 30x107*g/ml ¢ 6 fE¥H <, thiamine &
TERR 21778 - T405H 2 DIEM & &7z, Bk
L7cfRic 107%g/ml Tz Bbhiiml, 3~
10X 107*g/ml ¢ —iB ik D ERE O INHETR /738 3803
Holz. 6x107%g/ml TIE20% DR (FK
fB) 2R RLED, Zh X VERED10xX107g/
ml T 10% O#EHRIc & ¥ & 572, 30X107g/
ml (272 % LD h bAEERIHEOZBE Y,
e 5144055 T K130% DA 3 B -7z

2. 8% 3x107'g/ml XV b EEE
TREERE L ICHEEOBIBE 572, 3,
6, 10x107%g/ml X104z #510% D
ERL, TRIZED £ 240 5% TGS Hh
7e. 30x107*g/ml TrHRREAYICHIAIASE L <
5D, 10, 40 34l £ EH 35, 42 % Bb L
7z,

3. JEEN7 1~10x107*g/ml wiz Er,
Ea oR& 1328k, 3~10xX107g/ml <
HIREEC R, MBI L AT LT
PIERB IO GBI TITRIIE %D ty IEENE
9, 405535 % TSz, 30x107%g/ml o
to HEEEM X BT, 3, 10, 4054 4
30, 45, 55%IiCE L. £ LT ZDEEICSh
T TTFD o REFERBCABIS X 5 ik
BN (Eo) Ol Tic k5 Ea 0 » 4R
RICREZ Y, 404y4%ic Ea 12 12.9mV o
ELiz.

4. EEE XA v— FIETOHEMEEIR 40
~6053HIER #1 v— FIE T8+ L, 3~
10X 107*g/ml D EEED thiamine |- L 5 NHEE
73, WEE, to DEMITHRERNCEIE L.
¥7:30x107*g/ml thiamine iz & 2% L\ #4]
b, REREBLLEE LK.

5, R—2 A —%—Efr 6Xx107*g/ml
thiamine ¢ prepotentiall® D /¢ ZEE L BIE
DR, EEBEMN O L DV EEDHEA, to IE
FE il o e 28y (Fig. 4 C, D),
Zh b OfERE 10x107%g/ml T 5z EHic
ol L LZ0EEST Er, Ea ofdt
BEEAERD 57z, 30x1074%g/ml 273 L,

1]

Fig. 4. Effects of thiamine-HCI of varying con-
centrations on the atrial pacemaker potentials. All
action potentials in A-I were recorded with two
different sweep speeds from the same fibres. In
A-B and C-D action potentials superimposed with
a high sweep speed are shown in the two lower
traces, but in E-I they are seen at the righthand
side. A ; before and B ; 30 min after the application
of 0.6x107¢g/ml thiamine-HCI. C ; before and
D ; 30 min after the application of 10~3g/ml. E ;
before and F and G; 10 and 40min after the
application of 3x1073g/ml, respectively. Note a
marked decrease in the amplitude and rate of rise
of the action potential in G. H and I ; 10 and 40
min after the recovery in normal Tyrode solution,
respectively.

%4 Eo @, kic Er oFidick v Ea i34
BB L, SLEVEEORD, to EEIC X
SHEBER VBB Z 55, ZhEOWEL
EFZA vw— FIEOVIET 2> 7 » BEE Lz,
(Fig. 4 G, I).

II. ACh A7fic%t+5 thiamine, TMPDS,
BuTDS o{Ef

A. IHERS, #EER~o ACh fEF
1. E¥f EEFA w— PO EHE

WEE 1k Lz #%, 107g/ml ACh 28543
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&, FERBERERDOME RS bbh,
ThREE1GRICRRLE 572, £hdr 510
ARETHLBERET S, TOROEEE
BERSE< /Y, 604348 TH 15 %0 ERL
To. IR OME L V> LB T3
SHegxbmElsh s (Fig. 5), 50~6043%
CiREE A EEHE L. EEESA v — FK
THMET 2 &, &2 icHh S h T IUHER S
LEEFIOEIZRE 5 7.

2. Thiamine, TMPDS, BuTDS #;
Thiamine, thiamine 107*g/ml Y43 3 €V
BED TMPDS, BuTDS 254 ffEA % ALE

L7#% ACh 23+ % &, ACh{ERicxtT 5

SRR 2% BUTDS f500 e 8 & e

25min. preincubation
X Thiamine-HCI (5)
O BuTDS (e)
A TMPDS (6)

120

Relative magnitude of response

o~
.\./—-—r""‘
Heart rate
J. MR | 1 J
1t 36 7 10 15 20
Time (min.)

Fig. 5. Time course of changes in the contrac-
tile tension and the heart rate, produced by 107
g/ml ACh in the presence of 107%g/ml thiamine~
HCl, TMPDS and BuTDS, the concentration of
the latter two being equimolar to 107%g/ml thia-
mine-HCl. ACh was added to the bath at time 0
after preliminary treatment of thiamine-HCl, TM-
PDS and BuTDS for 25 min. Each point is the
mean of 5-21 experiments, the number of which
is indicated by the numerals inside the parentheses.
In these figures all values are expressed as per
cent of those recorded before the addition of ACh.
For further explanations see text.

7z ok BuTDS #5i1x ACh {Ef 3 SRk D
INKEIE FTiE & 2T e 8%, = OB RE G,
1053481k 2 o2 bR LT, &5
(MR & i 7o, - —75 thiamine, TMPDS #5G
1% ACh o EE#ICE ACh it 3 BHHEIfE
R, 15%CERSERBECMH %=
e ds, F0%RE L dtic ACh 3§ % BhfH
VER 23k 2 icHbh iz (Fig. 5). ACh #5.1 4
#%cix, BuTDS ffic 0 #IE# S & Ofic0.1%
DV TEBEEZERD o7z, LI L30GH TR
TMPDS & ERfEE DEL 0.1% O L)L T
HELE T, £ ACh iz & 3 HEEINHIC
3, thiamine, TMPDS, BuTDS #5534 TH[Fh
HEMERL, 055 BuTDS &b iy
Bz R, 50 5HERRTL %O LV
TEEMCH L TEEZE bbb L.
B. EEBM~» 1077g/ml ACh {EH

1. E&f5 ACh ik Er, Ea ok& &
BPELSEF, te RELIEMSER. TR
YRR L SBAEKRT, 20%kaICEE, T
F Lz, 30, 6043 2hEhls, 10%0
BI85 E Le (Fig 6 A, Bl Lo Lz ORE

- OWHNIEF ¥4 v — FIROEHTETEL 2 IZE

B

2. Thiamine, TMPDS, BuTDS #; B-
uTDS #% thiamine, TMPDS#jiz 75 v, ACh
T B EmBHEER 5 b L (Fig. 6 D,
G). BuTDS #cix ACh o®EIZL»bb
T 151D 0.89% LD to BENFET, IE .
BB 3 225% OMEHE & BT 5BED
PEEMER DR & 234 % (Table 2). %7 thia-
mine, TMPDS #; <% ACh iz X 5 B AHE o
ACh 1B 1 5% %H+ 5 Dlz, BuTDSffT
E3HBLTFNTV5. £ ACh #5105%
iz BuTDS #5Ci te 25 F T 12 {EROEE
TEEL, SHLEEEZEZ LT 30,
thiamine, TMPDS #5Tix te 123045%icd
ACh #EHOEICEE Lisd -7 (Fig. 6 E,
H). :

C. & ACh izxt4 3 BuTDS {EH
1. FE#¥#; 107%g/ml ACh 13, #53
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ABECEEHOWMEES, WEH, toe O (Fig. 7 A, B). Ea 2B LAd -72EKRCE
BEBBLE R Z L. 2O5EE 645 24 T3 HH%OIMETRS, MBI, to DERKE
T, #5#1~54Mic Ea 0FAB—RHEIE P ERENTS, 69, 66.5% TH 7.

L7z.

Z D%

Ll Er g EBL L ADoK WHETE ST, teo R4 ICEME H B % R385,

100msec

N A AN -
— - —

Fig. 6. Effects of 1077g/ml ACh on the atrial transmembrane potentials in the presence
of 107*g/m} thiamine-HCl and BuTDS, equimolar to 10~%g/ml thiamine-HCl. Arrows indi-
cate direction of changes in the action potential configuration after the addition of 10~7g/ml
ACh. A-B, C-E and F-H were obtained from different fibres. A ; before, 0.5 and 1 min
after the addition of ACh, and B; 2, 3 and 60 min after. Note a marked increase in the
time course of the rate of repolarization and no change in the amplitude of the action
potential. C ; control, D ; 25 min after the treatment with thiamine-HCl and 0.5 and 1 min
after subsequent additien of ACh, and E ; 30 min after the addition of ACh. F; control,

G ; 25 min after the treatment with BuTDS and 1 and 3 min after subsequent addition of
ACh, and H ; 30 min after. Note the absence of increase in the rate of repolarization in G.

Table 2. Effects of ACh on the atrial transmembrnae potentials in the presence of thia-
mine-HCl, TMPDS and BuTDS. ACh (107g/ml) was added to the bath after the pre-
treatment for 25 min with 1074g/ml thiamine-HCl, TMPDS and BuTDS, the concentration
of the latter two being equimolar to 10~%g/ml thiamine-HC]

. Tt
Time Er Ea Fo 90
Drugs (cases) :
(min) (mV) (mV) (mV) (msec) (%)
0 864403 1197409 333+04 1335460  100.0
C°“tf°1+ACh { 1 862408 1183+10 321406 1035+65 775
30 862407 1195+06 333+0.6  1155+5.0 865
86.9407 1205+18 336+13 1251440 1000
E};ﬁi‘“‘HCl ” 86.1+18 1199427 338+14 1335450 1067
(6) 2% 856414 1184433 328+25  110549.0 88.3
55 875+14 1237+12 362+07  1165+3.0 931
0 865+1.0 1212421 347+13  119.2+37  100.0
TMPDS+ACh | 25 869+14 1213420 344+13 1230470 1032
(6) 2% 864412 1200413 336410 965495 81.0
55 877410 123.0+18 353+10 117.5+45 986
0 854409 117.0+13 36«11 1253491  100.0
BuTDS+ACh | 25 841+12 1143+18 302+1.0 170.0+115 1357
(6) 26 840417 1149419 309+12 16904115 1349
55 842%+28  1144+31 302+21 17254120 1377
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ACh fEH 30534 T b URHEIR I D #il1 5920%
bEREL, FEELRVIOMEIREO 2 xT,
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Fig. 7. Effects of ACh on the atrial trans-
membrane potentials in the presence of BuTDS.
Arrows indicate direction of changes in the repola-
rization phase after the addition of 1075-107"g/
ml ACh. ACh was added to the bath after the
pre-treatment of BuTDS, equimolar concentration
of 107%g/ml thiamine-HCl. A-B and C-G were
obtained from different fibres. A ; before and 1,
2 and 3 min after the addition of 1075g/ml AChH,
and B ; 5, 15, 40 and 60 min after. Note disappe-
arance of the action potential and no change in the
magnitude of the resting potential. The potential
change at the end of B was recorded when the
tip of a microelectrode was withdrawn from a
fibre. C ; before, D ; 180 min after the pre-treat-
ment with BuTDS and 3 min after the addition of
1077g/ml ACh, E ; 60 min after the recovery in
normal Tyrode solution and 3 min after the addi-
tion of 10~7g/ml ACh, F ; 30 min after the addition
of 10~7g/ml ACh, 2 and 3 min after the addition
of 105g/ml ACh, and G ; 30min after. Note
slight increase in the rate of repolarization in F.

LT 1077g/ml ACh #%#5, 3045MHER &
w5, () () &T#H, EEFAL v— FHET605
RivedE, Bt 107g/ml ACh %3043RfEM &
w5, (i) (i) KTH EEF2FER(EDIC
10-°%g/ml ACh %5, 304M{EA €%, ¥
% &, () [UHEES, MBI, to JL254MLE
L RSB ABEE R Lz, (1i) 60450
e ACh oz v ¢, BuTDS
T 180 AP EEEE OEICEIE Lic. Z DREBUER
Mm&hie 107%g/ml ACh 12, IHEENZR
VB teo WA D RBFEIERR A LT,

L Uikl BuTDS 0b 3 HBE kT
L, ZOPFEEMTSRET L (Fig. 7D, E).

(i) ACh % 2 FE#5 L7z 30 54T, IR

71, HWEBITERITEIE LS, teo 1200 ME
LirEEThole. ZOWREET 1075%g/ml ACh
PRETHLELCITHERBZ Y, [HEERS,
B, to OfEiX ACh BERiOMEIEKL,
3 534 0 B AR = 315, 32.2, 40%
Th -7 (Fig. 7F). L2 LEEH TS
ACh {Efictb~3% & BuTDS iz i 5 ACh
X BIENEESTH Y, ThIT 35HE Dt
D40%4EHES BuTDS LERD te EIZ < B
3 EER 128%0EMHKL LY, EEHBT3
66.5% D4EHE L DEIXAK TS 5. £7-BuTDS
oI, ik ACh fEARic b Ea S8k 1R
(EEINS W Y o ,
III, Anoxia &fFic%}+ % thiamine, BuTDS
DYER
A. IUFERAT, B
1. EEf AEEREELRR, FRE
MEE T BRAY 2 DA EHE - Tanoxiaz
il - & ¥ 7c. Anoxia BIRAE B IC DEAEAR T
HEOTCIGEIE B, 108 B e sy
25, 34 DNIC IR, MBS BE T -
7o ZOHEEIRIE30SEAEIE, TOBRLIR
2ITHEL DS, SEERIMERIOHEEEEZ TIC
B 5 K o7 (Fig. 8). %7230~6055#1Ci,
BRI L VBRBOERHZICLTYL, EFEHLL
Bl R CIC AREERRDS 364 LT anoxia YRR L
7. A% T 60~120 3Rz i, #H0UIGHE R~



SRl RO T 5 thiamine FEADOHE & (FREE

DOAKAIBIREAE I & 3 gl
D, RERC L 2FEROIMERAL S BI
Bz L, 11405 5 i i NERE O M st
~OBERSEZ D, B bkt LT
Ea 283008 E#TH 7.
2. Thiamine, BuTDS £ 3047
o thiamine, BuTDS #ijiLE %, anoxia
2 & B UHETR 7 AmENC 2 O BFEER & &
b Lz (Fig. 8). T AEARDOISAIZ,
thiamine £% 6 ] 3 {1, BuTDS 4% 6 5[+
0BT -7z, Lixd thiamine ficFg4
LI REBIRERETH »7. EHLER
EVIEL A CRHRAEHIENELERZ &
ol
B. WiERS, MmBigcsd 5 EEME
H
FHEREIEORECTREA T A - HEA
T5L, KMLEBE O HF S {E LD
7, BRI SR BRMENER &
BUOHDL L, REBCHED LTzl
WML 2. ZOEERETINIS%ETEA
BT, KOS TR - VT LE. LT
BuTDS, 1F%;, thiamine 5z 33 2 INKEES
DEEREIZ R Fh, 5, 15, 205 (40%]H
), 10, 20, 504y (70%[E)#E) <, BuTDS #
EIEF# L D 100 %EEIXZ h Z h 15~20,
40~5043 THE = 572, 100%[E/E#% S BuTDS,
E#RHL b IR O#RE 7 L, BuTDS
B CIX6043#81T05% DR L s 7. T O
iz, thiamine §5 I3 [EE 6053 $ 30% O
HIPBFEE Lz (Fig. 8). %7~ anoxia T60~70%
(B RME) ol & 521F Ty 72 BuTDS, thiamine,
EFEHOHEE D 100 %EIER, 2FEARHL20~
045 TR D, WHEEL Y b0 EIEE
BWER L. &5z BuTDS, thiamine G
anoxia B & JAENEL R 5 ~109% M Lz, = o
Fl{E8FE ¢4 IEx, thiamine 5% anoxia Ff
CHEZ 272D X U B UWAREIRYFE L.
Bz T IERICER T, K305k &40~
0 HHRAE LWHEEICE »7z. BuTDS iz
FAREREA DRI 5Tz,
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Fig. 8. Time course of changes in the contractile

tension produced by anoxia in the presence of thiam-
ine-HCl and BuTDS, and its recovery. The number
of experiments is indicated by the numerals inside the
parentheses. In this figure the tension is expressed as
per cent of that recorded 30 min before the pre-
treatment with 1074g/ml thiamine-HCl and BuTDS,
equimolar to 10 4g/ml thiamine-HCl. Anoxia begins
at time 30 in the figure. For further explanations see

text.

C. IREA

1. EXfG Anoxia O REFKLES
23 e DB Oy O Ea OREISE t
T, anoxiaf t II—BEDLEREZT5, K
105511 iE 275 DEERE LIz, T oD t4EHET
BIERICHES, 120 FRRICRT B ts, te DR
MEX, ThFEN55, 409%iE Lz (Fig. 9 A)
¥ 7RI k5 T, anoxiab04y#4HE X U INHE
AL Ea oRELBEBLAEL LY, I
MRS D B o I M Er 23Ed L
T, Ea BAELEBEZ 572 O, ELD
Ty Ea 2B TRT Lz Er 0238
» e, —F Ea RMEZ - B4R T,
anoxia604y#% & ¢z Er i3 5.9mV, Eo % 5.8
mV O ERL, tso, teo AT Er, Eoic
%3+ % anoxia DEEERFA 572 (Table 3)

2. Thiamine, BuTDS f #iALE Fix
anoxia BIiA4 t EHE E R T RETIC 2 72 D ORI
tIEEE B 720 Lic. tso teo DEEKIEREIX10
3B bt (thiamine, BuTDS o t ZEE
tso CEFNFH 10, 5 msec, tg T20, 10 msec),
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Fig. 9. Effects of anoxia on the atrial transmembrane potentials in the presence of thia-
mine-HCl and BuTDS. Anoxia was started 30 min after the pre-treatment with 107%g/m}
thiamine-HCl and BuTDS, equimolar to 107%g/ml thiamine-HCIl. Arrows indicate direction
of changes in the action potential configuration after the anoxia and its recovery. A-B, C-E
and F-H were obtained from different fibres. A ; before, 10, 40 and 120 min after the anoxia,
and B ; 10, 20 and 60 min after the recovery by oxygen supply. C ; before the anoxia, D ;
30 min after the pre-treatment with thiamine-HCI, 10, 40 and 120 min after the anoxia,
and E ; 10 and 60 min after the recovery. F ; before the anoxia, G ; 30 min after the pre—
treatment with BuTDS, 10, 40 and 120 min after the anoxia, and H ; 10 and 60 min after
the recovery. Note a marked increase in the rate of repolarization in A, a fairly large
increase in D and a slight increase in G. But a slight decrease in the rate of repolarization
during the initial period of anoxia is seen in D and G.

Table 3. Effects of anoxia on the atrial transmembrane potentials in the presence of
thiamine-HCl and BuTDS. Anoxia was started after the pre-treatment for 30 min with
10~4g/ml thiamine-HC] and BuTDS, equimolar to 107%g/ml thiamine-HCI, and the recovery
was made after the anoxia had been given for 120 min. All values were expressed by the
mean+S. E. t5 ; duration of the action potential at 50% repolarization time

Drugs Time Er Ea Eo tf° ‘590
(cases) (min) (mV) (mV) (mV) " (msec) (%) (msec) (%)
Control 0 854406 1176+1.3 322416 723+4.0 100.0 122.3+6.5 100.0

Anoxia { 60 795+1.0 105.9+23 264+13 41.0+9.00 56.7 854x125 69.8
(4) 120 789435 106.3+3.2 27.4+35 33.3£135 46.1 73.0£17.5 59.7

Recovery 180 85.2+1.0 1175+1.6 323%£1.0 77.9+4.0 107.7 128.4+£5.0 105.0

Thiamine—{» 0 843+13 115513 312403 63945 100.0 109.0+45 100.0
HC1 30 85.7+1.3 118.0+1.3 323+03 63.5+50 994 108.5%+50  99.5

Anoxia { 90 84.0+1.3 1152426 31.2+16 598440 93.6 114.2+50 1048
(6) 150 84.9+1.6 1159426 31.0+1.6 50.2+55 78.6 1058+7.0 97.1

Recovery 210 87.4+1.3 1225+23 351+1.0 624+3.0 97.7 108.9+3.0 99.9

BuTDS { 0 848+1.0 1174+1.6 326+1.3 733+42 1000 1175+55 100.0
30 84.6+ 117.4+29 328423 100.2+6.0 136.6 175.2+7.2 149.1

+1.6
Anoxia { 90 82.7+1.3 1125+2.6 29.8+1.3 828452 113.0 162.2+6.8 138.0
(6) 150 83.7+0.6 113.7+1.9 30.0x+1.3 748+58 1020 154.1+73 1311
+0.6

Recovery 210 86.4 119.7+1.3 33.3+£1.0 107.1+55 1461 194.846.0 1658



thiamine fHIZ88h 572, % D % tso,
teo & b &I LT, thiamine
TR F N FN40, 9044z thiamine 4L
BRIOKE S XV b/hEk o7,
BuTDS #5¢%, 12043#12 anoxia B§
IR tso, teo DEICILN, ZHhEH
34.6, 18.0 % DEREMEEEZ L.
LB Lot &iEx, BuTDS AuER
DIETHARD &, ts 12IEE % OEIC S
LA o723, te 13 3L1%DIERE %R
LTwi (Fig. 9 D, G, Table 3). =
i anoxia Iz X % ts, tee DEMEIC,
BuTDS ##% thiamine #k v 338
PiEMER 2 Fi D, HEIC to ICEHATH
5HE%E R L Tv5%. Thiamine, BuTDS
#» Er, Ea ok & &1 anoxia H1i3
NRL 3 (A S P e
D. BN 5 EEIER

v FRBORERCAT % thiamine FEEADOIYE L IF B
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Fig. 10. Effects of IAA on the contractile tension and
the heart rate in the presence of BuTDS. IAA was added
to the bath after the pre-treatment of BuTDS, equimolar
to 10~4g/ml thiamine-HCI, for 30 min. A ; control, B ; Bu-
TDS. a; before, b ; 20 min after the addition of 0.5mM
IAA, and c ; 40 min after the recovery in normal Tyrode
solution. The contractile tension was recorded with two
different sweep speeds in a and b. There is no significant
difference between A and B in the depressant effects by
IAA on contraction force. No recovery in the contractile

EE @ anoxia %Iz 381F % Er, Ea,
too @ 100 %R 12205y TH S, tso 25
35553 » 22BNz, Thiamine fF Tk tso,
too H3100%[EHE T B DIz40~6053 4 v v, [H
EOBITHEN 572, Thizxt L BuTDS 45T
REMEDSE L AT, tso, teo D100%[EI7EIZ
FhEN25, 105 TEIY, ToBbalEs t
DIERET L. Z0t EEOEIERFHIC
LN ICH SRz (Fig. 9 B, E, H. EEfgT
anoxiaiz Ea OFXEEEZE I LT8R
i, WAL Twic Er 2EEICESLITERY
RLTEa # R AL, 605%Ich-Th
Z 0 Ea B AFEERIREATH 57z,

IV. TAA &ffice+ % BuTDS ofEH

A. UHERT, WMEEK

1. ¥ 0.5mM IAA O 51X15~
2553 O LLBRAG R IR & 0 CUINEETE S &2 5 <
WHI L7230, 2%, Eh i IEER D OREIEBE
MERTH, MOPGIE 60 434 ¥ TRELE
(Fig. 10 A a, b). = LCHAETic > T10
SHE T D BRCIEH A~ DR HZEAE U,
ZFRITR205% e E L LT85 23, TAAE
FAHAE 4T Uiz, 45 TAA 13 ACh, anoxia

tension is seen in A and B.

CHERIERY, IR ALRERE
2ol
v 2. BuTDS #%5 IAADEEIZIUEES
RLEHORAEIE, EFHE E o7 S R
#) %3043 BuTDS CHILE Li-fHicExk
(Fig. 10 B a, b). BB 15H%E biflsh
7203, 60453721 3 TAABRERTOEEICE - z.
B. JREAL ,
TAAR BT X 5 INHEIRTTI & [FIRRIT tsoy too
ZEMEE B 2 T 2%, 7 ORKEMIIEL,15%
T, ZOEMELISHBEL VEEBEREZRL,
6053511k TAA #E5RTE I ZhE 9 bED
ZIEE##z Lz (Fig. 11 A, B). —5BuTDS
HAERG LI EREL TAA ERZZ, ts,
toold I UHERE L TO HLEET 2 TS R L
7z (Fig. 11 D, E). Er, Ea oA g 81
TIEL A BE LAY 5Tz ‘
C. EHEZA un— FIETOREIE
1. IHEIRS1, WBh%k EEFAw—F
HBC+HoEELTLEYR, BuUTDS fHitic[E1E
BHBREP ST £ LT IAA 1ERRERIC
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2REEBELTREL Y DEML, RER,
BRI DS, 5l < IHER S O AR D (Fig.
10 Ac, Bc), 1EARDKE 713 GEHEC0 5421 INHE
EhEEEER L.

2. BEEA R L 22b b3 TAA
MEREBER, BuIDS HoXER{4£ET,
Ea %k BRHAIL 720, Er %728 UL Hd

B

100msec

Fig. 11. Effects of IAA on the atrial trans-
membrane potentials in the presence of BuTDS.
Arrows indicate changes after the addition of 0.5
mM IAA. TAA was added to the bath after the
pre-treatment of BuTDS, equimolar to 10¢g/ml
thiamine-HCl, for 30 min. A-B and C-E were
obtained from different fibres. A ; before and 10min
after the addition of IAA, and B ; 20 and 60 min
after. C;control, D ; 30min after the pre-treatment
with BuTDS, 5 and 10 min after the application
of TAA and E ; 20 and 60min after. Note a slight
increase in the rate of repolarization in A and D,
and a slow return of the time course of repolari-
zation in B and E due to a moderate effect of TAA,
compared with the configuration in the contro .

Table 4.

2R, owvicik Ea BARRPALE. ZoR
L OB NEREFIAT S &, Ea
KBBLENZHELH 57z, LA LEELZ
NEOHIME B b Ea BMEKR L.

V. BfRE% x5 BuUTDS ofEf

e BuUIDS fFoBMERLY BT 3
&, BuTDS o Fic Na, Cl o), Ko
MERRERERER B BB (Table 4). L
Lz ofE0ZE T BuTDS LB X - Tk
AN Na, K, Cl 28, 3LAEBBLTVAEVE
DLEZTRVWTHHH.

£ £

DR OUUEIC R4 5 thiamine L Z DF
BROERE, WHES, ERARRVY, HE
HIODIO0) w2 HEOLROMEN DB, —MK
ic thiamine & % OFEFTBIET, TOEX
WHAEARC KERE T, #EREO pH 238
PEL 7 VBEAROFVCIERIERRITEERS
B2id 510, REERCI pH OMIEEZITR S
&I, FEAOIHEIR IR M ORI &
B Ve B R+ 50T, EREEOBERT
%ol EAEBRFER TR, thiamine (X—
EEOIEIE IR E L2 b2, XV RET
FEM»LHHIERES 2 & B HLNBOT,
thiamine © )R 13 FEAROHET LD B A
Bt E Rt L v 2 & 5. Misu, Takaori and
Shimamoto® iz X % &, TTED 383k %
=, tEREETPINEERIER RS R
Lwh. L LEEDOERLEFE UL VX LE
B L7e ARERR TR IUHER ERIER 2SS &
bivlz. MEDOER, 8% 6 L HiFcBwT

Cation and anion content in atrial muscles after immersion in normal and

BuTDS Tyrode solution. The concentration of BuTDS was equimolar to 10™4g/ml thiamine-
HCI. All values presented are the means of four muscles

Na K Cl
(mmole/kg. wet wt.)

Muscles soaked in normal solution for 120 min. 63.4 48.4 83.3
Muscles soaked in normal solution for 60 min, then

in BuTDS solution for 60 min.
Difference

66.4 46.5 89.9
+3.0 —1.9 +6.6
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pH ORWEZ LTWAEVETHSS LEL bR
5.

Brooks, Hoffman Suckling and Oriasl? <
Blinks and Koch-Weser!® 3 [ijiedg, "ILIFO
BB > THOBEBRRR S 1, FISIARE
BIEOREERETHEERD TS, L
0o THEFEEA I >h THET % BuTDS,
TTED o IuifEiR I EaiEfE, hEEWIER
DEBEHDR L, HEEREIcERESh
EDTRAEPAINEORAHESREEZS. L
L, (i) /K8 @ thiamine ZHBEE R & &
5705, IHEHRAE —BHEICERSED I L U %
v, WEETERC-REIEED & I IGHEE S
BELLIBIT 5. (i) CoC, TMPDS 11348
BE B2 TIETE S & 358+ 5. (iii) Thiamine
& OFBETA U IUHEIRS o3RI, Bhilk
TRERSHCRES M, BuTDS, TTFD <
DU HBSTz OEEES. U EoEE,
BuTDS, TTFD 2 #sh$isisd, IHEiRE 75
DERE RIRICR S, ZOMEE L INHEES
OEIIHEICE L2 EETRTIOEEZ LN
%8,

BuTDS, TTFD Zm@hfid & &< P71
TteoNHHER R EREZR Z L, ZhEoZ kix
Yz X DIEIE L 2%, BIRE thiamine <
ORI X Vi EEET 32,
BuTDS & TTFD BB ERA & teo ZE
E/EM1x thiamine, CoC, TMPDS iz 7 v Jlids
DLDOT, LPbENREREOBEICL DD
DGR L Rbns (Table 4). Fujiwara,
Sasakawa, Itokawa and Ikedal® %, TTFD &
A U allithiamine F&E{& TPD-*S (inner) 7%
thiamine-*S X v & FHMBHIERICA Y <,
ZOERIOBICLEHATH Y, mMIER~DOHDY
RENFOBEZ &R L. KA, @8, X
B, %, WE0y, BuTDS 235 vIER#T
HERELENIEEEORGEERTZ L 270D
T3, fi5, HEEE tow 2F -7 E2 ik
v TMPDS (%, thiamine X v &N MR
RECEREZRTETE R VD, & & TTFD
X B WEERD, teo EEVEA L MBENICE

Y A E N zthiamine & & ORI TATRZR 5 5
ZEPHESh TV 32, Lk 5T BuTDS,
TTFD & thiamine, CoC, TMPDS R tg ZE
BEROERE, FEici thiamine 3 Xt
Z OFEELGFORBEBEREDO RN LB &
WHFREELELOND.

IkERE Sy sk s thiamine, CoC, TMPDS,
BuTDS, TTFD <#{ thiamine $£#joxythiamine
MchiEzsz b, £ 0N thiamine
ELTOEMEMIER X Vb, FEREEE
2 X BFEEERICGERT 20 TR AERB 50k
EFEZONS. FH, §)JIl, HAD, Nakazawa
and Ueno®d, E/VE v MLEIFEESD O
Mz 5 %l TTFD, TPD, TATD {24
EHICEERS -S-5- BAP—DOOLELE
GTHDERELTVDE., LrLRELL -S-S-
WwEEETS TMPDS 28, to I
REBI LD, UEOEZIHEE, told
DV TERBT LSRR Lis .

BHA, TR L R Y, L TIRIROR
SREOEE, KEBEN—EHMFHEHL v LK
TLTF 7 b—%Hpkt 5. ACh ik Er, Ea o
KEEEEZ2FTICTT b—DBEEET 5220
226020, = pix ACh 28 K, Cl BBHr S5
T, EEEBMNBAEROIEERE N LA L
RS Ty 3229, Thiamine, TMPDS, BuTDS
gtk ACh &b+ 2% &, BuTDS #i2i)
ACh#ER/NICIEVIREET Y T b —&HERF L7z,
Zhix BuTDS #37°F + ~B 0O K HE @&
PHILT (T b bEEROER) Eokel
¥b7ebLl, £0OfE, ACh it k3 KE#EE
WM LA Bbhd. 2L TZ0 Bu
TDS oEZ&E bER X, anoxia MBS thiamine
BB AREIRD A Uiz iz, BuTDS foik
Hoeh o BEEILLEMT ENS.

Burgen and Terroux3®, Fleckenstein3Dj,
ACh 75 Ea 077 + —5#E & R IR ihs
oL, WERIEB s LR
EBRTw3. &z AT thiamine, TMPDS #5
TiX teo 1% ACh CIEEF L RSCERL, IX
HEES D IERCE AT 54, BuTDS i
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MRS ACh w ksl 212 & AXRTR
v, =D ACh i Xk % IWHEBR S 1T 345
BuTDS fom-tBiMERME, to 2% ACh iz
X 2R T FIciR S Wi MENSIR Th
CBrEZLNS. i ACh 5, ty, 4
ML TWwBDICL»2b b, thiamine, TM-
PDS 5 cid#%hs & 8RB o ILHETR I3RS
bbb, Zhix, thiamine, TMPDS 25f&
DS o ItkEssAgsT, Mook cHE
LR L Bbn5Y. .

Anoxia % ty DELVEfEL Ea o %
#Z L, R RN o KEHEbz2630
B, teo DEMFIMIENKEDICKE SBEFBL
TWBLEZHNHDWBBY, ik, anoxiaik
REIE b LAY BEER LD uncoupler TH 5
24-F4=bm 7=/ —n (DNP) LigzEpr
BEEVER %% - T\ % 32). Macfarlane3® ;% DNP
EAHINDBHCRE LEEALNSE ST b —
EEr b, 77 F—HETOBMRERESEEDH
EAXEEHLTWEY, 2 nE0E 2 i3, anoxia
X3 to OEMIRBEENLTRIAL T
5L\ OIS 525, L L BuTDS #
? anoxia ~ODOFHFEWERR, to TH LWEli
INHERR 113582 &2 5, BuTDS #5izACh
ERIRRE W U < BEERA LT teo DEMEEBH
&, —FHFTE~DOER & B < IKEES
EHOBEMETILE LB NS, FLTE
&, thiamine, BuTDS 53+ X Tz HZ bz teo
& IHEIR ST @ 100 % EIEICE U7 BERIR 3 hik
thiamine & = O FEMIC L 5 IHETTE ST TR,
&2 5 DIERORIT L 5 THbA TR VER
RTLDTH A,

KRR ORBIHEAITH 5 TAA I
filicxr L, BuTDS fidig & A LBz RE
BvEvd ZERTES. Zhik BulDS iz k
KRR T HERRIER 2%, TAA 2k - CHES
NHRHEREBEA L AV L EE LS
5. FLTZOEZR, fBRX Va5 T3
thiamine DA{EEMER © FELITTE LA
.
BuTDS # L ERGHICBREEEDOHEN L

otz ki, BERKC X - THRET WK
B, te EEY, EREBEENLTOLD
NTYRVEETRTLOTHS.

= #
VY FRHOFEARDOIER S, Wk, E

Efricxit 5 thiamine & 7 OFHELOEHE

B L, SLIRATEREITE, ZhEEY
DIEFRRRIC DWW TEE Lr.

1, Thiamine 33¥FEE CILERS), #8h
BEELLED» o), BRECIX—@kok
EOINMERHER L MEgR eI L, XD
FRETRWEARICE Lo s L 52T,
Thiamine 1 Er, Ean k& Sk b b &
7 VIBEET, — R X — ) — &AL Dprepotential
DR, tDEEEBZ Lz,

2. CoC, TMPDS, BuTDS, TTFD it
R ERRM I B8R L, Zo%Ri BuTDS=
TTEFD> TMPDS=CoC> thiamine T& -~ 7=.
BuTDS, TTFD it CoC, TMPDS r &2 Y,
WEE OB & tee DERL ER L72dd, #
BB MER @ 72\~ thiamine, CoC, TMPDS
FE 57K to EEMESERDP 5

3. ¥k X - T CoC, TMPDS o IukgiE
FpgEs>, EYEEE thiamine 1 X 5 INKEE A
fil, MBS, to LR, Ea o3&
B %2, BuTDS oItiEEHEEIE S
T, B UL MEB L IER L teo ZZ0EE
BELEZ.

4, BuTDS x ACh iz X 2 IUHEE ST,
HIBER D, too EHETER % ZHICBEHI Le s,
thiamine, TMPDS |z X 253580 »72. &
W[ @ BuTDS LB b i ACh fEFIZZE S
¥, BEEE ACh 2%t L Tb iR BHEER 2 %
bhiz.,

5. Anoxialz X5 ts, teo g BuTDS i
vy, thiamine ZFFVGEFEIZR L7z, IUEE
71, A L i, BuTDS #ixiz e
MEIEED bbb &k 5. L L BuTDS
X R 5> thiamine 51z Bb_ T, anoxia »
LORMELEE R L, ThiX to PEIEIIC



Frith

E BN

6. Anoxia Hifj® #h i b OEIERIC, FE
& thiamine 5T UVAREIRESS L
7253, BuTDSETid % 572 B b b 57

7. TAAZ X 288 IKERE DI, BREE DI
B, teo 4EHME, & BICTEMEIC X B ILKER
JIE%k, Er oz L5 Ea 3kEl (IAA
DORFHEEFZIE) 12, BuTDS #5175 DOk5
ML RE B 5T,

8. EEf L BuTDS L oflicix, BfgE
BOMEENMT LALLM 5.

FERRADCEEASEY) fr & 98 L B2 B -
TeRRARFE I g A Fee e, BT TR B B
BCE BB U 3. Ak BOsErh R REmFr
BT RBRIR LA, SHREITABE—K © fiFE
M EMESHT I & B gEBI O ZHY)
CHELELET.

g ik

1) von Muralt, A. (1962) Ann. N. Y. Acad. Sci. 98,
499-507

2) Wiss, O. and Brubachr, G. (1962) Ann. N. Y.
Acad. Sci. 98, 508-515

3) T gl - HICE (1964) © & 3 v 29, 231;30,
262

4) Yamamoto, L (1963) Jap. J. Pharmacol. 13, 240-
252

5) Zbinden, G. (1962) Ann. N. Y. Acad. Sci. 98,
550-561

6) Kanno, M. (1965) Arch. intern. Pharmacodyn.
157, 280-287

7) BERE « &)l - MiDiExR (1966) ©x 3 v
34, 337-343

8) Nakazawa, Y. and Ueno, A. (1965) Jap. J. Phar-
macol. 15, 10-18

9) Misu, Y., Takaori, S. and Shimamoto, K. (1965)
Jap. J. Pharmacol. 15, 257-266

10) AP H-EE « 4 2E8H (1965) £ & 3 v 32, 332-338

11) Ling, G. and Gerard, R. W. (1949) J. cell. comp.

" Physiol. 34, 383-396 :

12) Nastuk, W. L. and Hodgkin, A. L. (1950) J. cell.
comp. Physiol. 35, 39-73

13) Schales, O. and Schales, S. S. (1941) J. Biol.

Y X OEICT % thiamine SO E & (FRERE 159

Chem. 140, 879-884

14) West, T. C., Falk, G. and Cervoni, P. (1956) J.
Pharmacol. & Exp. Therap. 117, 245-252

15) Paul, D. H. (1961) J. Physiol. 155, 358-371

16) AR ¥ (1964) ¥ & 3 v 30, 403 404

17) Brooks, C. M., Hoffman, B. F., Suckling, E. E.
and Orias, O. (1955) Excitability of the heart,
317-324, Grune & Stratton, Inc.,, New York

18) Blinks, J. R. and Koch-Weser, J. {(1961) J. Phar-
macol. & Exp. Therap. 134, 373-389

19) Fujiwara, M., Sasakawa, S., Itokawa, Y. and
Tkeda, K. (1964) J. Vitaminol. 10, 55-87

20) JRE 5 - B E— KR B-FE-XFE-W
#F F5(1965) v & 3 v 32, 464-471

21) Nose, T., Yasuda, K., Nakama, M., Adachi, S.,
Yamada, S., Ishikawa, S. and Chibata, 1. (1966)
J. Vitaminol. 12, 33-41

22) iR G-UES - EBF B (1966) A AZEFEE 62, 3-4

23) Hoffman, B. F. and Suckling, E. E. (1953) Amer.
J. Physiol. 173, 312-320

24) Webb, J. L. and Hollander, P. B. (1956) Circul-
ation Res. 4, 332-336

25) Fingl, E., Woodbury, L. A. and Hecht, H. H.
(1952) J. Pharmacol. & Exp. Therap. 104, 103~
114

26) Noble, D. (1960) Nature 188, 495-497

27) Weidmann, S. (1957) Ann. N. Y. Acad. Sci. 65,
663-678

28) Johnson, E. J. and Robertson, P. A. (1958) Nature
181, 910-911

29) Trautwein, W., Kuffler S. W. and Edwards, C.
(1956) J. Gen. Physiol. 40, 135-145

30) Burgen, A. S. V. and Terroux, K. G. (1953) J.
Physiol. 120, 449-464

31) Fleckenstein, A. (1964) The cellular functions of
membrane transport, 71-93, Prentice-Hall, Inc..
Englewood Cliffs, N. J.

32) Webb, J. L. and Hollander, P. B. (1956) Circul-
ation Res. 4, 618-626

33) Greese, R., Scholes, N. W. and Whalen, W. J,
(1958) J. Physiol. 140, 301-317

34) Calkins, E., Taylor, I. M. and Hastings, A. B.
(1954) Amer. J. Physiol. 177, 211-218

35) Macfarlane, W. V. (1956) Nature 178, 1050-1051

36) Greiner, T. (1952) J. Pharmacol. & Exp. Therap.
105, 178-195

37) Sato, M., Kiyosuke, S. and Wada, T. (1962) Jap.
J. Physiol. 12, 561-572



Eﬁkiﬁm (1967) 28, 160-167)

REGEREEOEEHE(RICDWNT 612 843. 74: 612 821, 2
CE H OE WM OB OEKE-M O K M-
B OH K BoH ¥ OB OE-H P oE OET

(&)

Successive change for the effects of reversal figure

Gou Ueda, Yétard Abe, Yoshio Beppu, Akio Sakai, Yasunori Yanagidaira
and Mizuho Tanaka (Institute of Adaptation Medicine, Faculty of Medicine, Shinshu
University, Matsumoto)

In order to obtain the reversal frequency of a test figure, called Rubin’s “goblet and profile”,
examinations were applied for the normal subjects, schizophrenics and neurotics. The number
of the examinees was respectively 20. The test was repeated. 5 times at the interval of 10
to 14 days. The results are as follows :

1. Each test group has the histogram of the reversal frequency characteristic of itself
throughout the lst to the 5th experiments. The distribution curves of the histograms for the
normal lie usually over a narrow range of the abscissa, while those for schizophrenics are
over a wider range and those for neurotics are similar to the normal ones.

2. In general, reversal frequencies for each test tend to increase successively. The variation
of the values for the patients’ groups, especially of the schizophrenics, is complicated, showing
both increase and decrease even for the different periods of the same cases. On the contrary,
each case among the normal subjects showed far less successive variations of the values.

3. Some cases among the patients’ groups show the tendency to approach to the range
of the normal histograms. Most of such cases indicate the recovery of clinical symptoms.
Other cases who show hardly any appreciable change in successive experiments indicate
mostly fixed symptoms, such as schizophrenic defect and chronic state without improvement.
Patients with unstable courses of the symptoms used to show the complicated change for the
reversal frequency.

4. From the relation between the successive change of the reversal frequency and the
modality of the clinical symptoms, it is recognized that the frequency may be considered as
one of the physiological and psychological parameters which reveal one aspect of the situa-
tion of the patients. (J. Physiol. Soc. Japan (1967) 29, 160-167)
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Fig. 2. Histograms of reversal frequencies for
normal subjects, neurotics and schizophrenics, Only
the results for the Ist, 3rd and 5th experiments
have been shown.
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Relations between symptoms and reversal
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Preference-aversion function for sodium
monoaminodicarboxylates in rats

Yasutake Hiji and Masayasu Sato

Department of Physiology, Kumamoto University Medical School, Kumamoto

Amino acids produce different taste
according to the difference in their ster-

eochemical structure (1). Stereoisomers

of the salts of amino acids have also
been known to possess different taste.
For example, monosodium L-glutamate
(L-MSG) produces ‘good’ taste (2), while
monosodium D-glutamate (D-MSG) po-
ssesses a very weak sweet taste. The

%100 (°/a)

Total fluid intake

neural response produced by these ster-

Test solution intake

- eoisomers has been studied recently (3).
In the present experiments preference
for L- and D-MSG was measured in
the rat. Preference measurements were
also carried out on monosodium L-aspar-
tate (L-MSA) and sodium chloride for
comparison. In a separate series of expe-
riments electrophysiological measurements were
performed to determine quantitatively the mag-
nitude of neural gustatory responses to these
salts.

Preference tests were conducted using the
conventional two-bottle choice method on 24
female rats of Sprague-Dawley stock, who had
had no preference experiments. The tests, car-
ried out on 4 groups of 6 rats each, were begun
with 0.001 M solutions in ascending concentra-
tion sequence up to 0.3 M, and, after 2 days’
rest, similar tests were repeated in descending

concentration sequence. Preference value was
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Fig. 1.
NaCl. The upper figure shows the preference in ascending
concentration sequence and the lower one that in descend-
ing sequence. Filled circles indicate values which are
significantly different from the water—water control.
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expressed by the per cent of (test solution in-
take)/(total fluid intake). In the electrophysio-
logical experiments impulse discharges in the
chorda tympani, led to a preamplifier and sub-
sequently to an integrator or summator (4), were
recorded with an inkwriting recorder. For the
stimulation of taste receptors a fixed amount of
test solutions was passed through a flow cham-
ber (4), in which the tongue was enclosed, and
about 20 sec after the flow of a test solution
the tongue was rinsed with deionized water.
The results of the preference tests are pre-
sented in Fig. 1. Rats showed preference for
all salts at a concentration as low as 0.001 M,
although preference significantly different from
that for water-water control was obtained only
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with D-MSG (0.01 <P <0.05). In the ascending
sequence experiments, shown in the upper part
of Fig. 1, preference for L-MSG, L-MSA and
NaCl increases with an increase in the concen-
tration and the maximum preference point is
reached at 0.1 M for the former two but at 0.15
M for NaCl, while the preference magnitude
for D-MSG does not increase with increasing
concentration. The magnitude of preference for
the four kinds of salts at 0.1 M is in the order
of L-MSA > L-MSG > NaCl > D-MSG. The
preference order for the three salts of mono-
aminodicarboxylic acids is in accordance with
the order of the neural response magnitude,
since the relative magnitude of the chorda
tympani response to 0.1 M salts was L-MSA :
L-MSG : D-MSG : NaCl=0.58 : 0.49 : 0.41 : 1.

However, rats did not show the greateatest
preference for NaCl, although NaCl produced
the greatest neural response magnitude among
four kinds of salts tested. Rats showed aversion
to all test solutions of 0.3 M. In the descending
sequence experiment they showed little pref-
erence for L-MSG and L-MSA and a strong
aversion to D-MSG, although preference for
NaCl in the descending sequence was the same
as that in the ascending sequence. Thus previ-

ous exposure of rats to the salts of monoamino-

dicarboxylic acids depresses preference for these
salts, and the depression by D-MSG is greatest.
This postingestive depression explains why the
preference for D-MSG in the ascending seq-
uence does not increase in magnitude with an
increase in the concentration from 0.001 M to
0.1 M. Furthermore, the results shown in Fig.
1 indicate that rats show a very similar prefer-
ence for L-MSA to that for L-MSG, while a
preference for D-MSG is different from that

-for the former two. This suggests that D-MSG

produces gustatory informations different in
quality from that produced by L-MSG and
L-MSA, while the latter two salts produce

informations of a similar kind to each other.

This work was supported in part by Air Force
Office of Scientific Research Grant through DA-
CRD-AG-S 92-544-65-G 30 of the U. S. Army Re-
search and Development Group (Far East), Depart-
ment of the Army.
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Mode of action of caffeine on the twitch potentiation
in the frog muscle fibre

Moto Matsumura

Department of Physiology, School of Medicine, Juntendo University, Tokyo

It has been known that 1 or 2mMm of caffeine
potentiates the twitch tension of frog skeletal
muscle mainly due to the lowering of the
mechanical threshold without any detectable
change in the shape or size of action potential
(SandowD). The present report will show the
time courses of twitch potentiation and contra-
cture induced by caffeine, and it will afford
further information on the mode of action of
the drug.

All the experiments were carried out with a
single or two fibres prepared from the semiten-
dinosus muscle of the frog at room temperature
(18°C-22°C). The muscle fibres were laid hori-
zontally in the perfusion chamber, the volume
of which was 0.3 ml. In order to exchange the
solution in the chamber completely, 5 ml of the
test solution was flushed by a syringe within a
half second. A series of isometric twitch ten-
sions at the rate of 1/sec were recorded using
RCA 5734 transducer. Ringer solution contained
115 mMm NaCl, 2.5 mm KCl, 1.8 mMm CaCl,, 0.85
mM NaH,PO,, 2.15 myu Na,HPO, and 6x10¢
g/1 tubocurarine chloride.

When Ringer solution in the chamber was
exchanged with choline chloride solution (con-
taining 5 mMm of Na ion), the twitch was abol-
ished within 1 sec (Fig. 1, A). The recovery
was also instantaneous if Ringer solution was

introduced again into the chamber. However,
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Fig. 1. Time course of the change in twitch
height by nitrate or caffeine. Ringer solution was
exchanged with the test solution during the period
indicated by the under line. Test solutions :

A, 115mM NaCl was replaced by choline chloride.
B, 115mM NaCl was replaced by NaNOs.

C, Ringer solution with 1 mM caffeine.

D, Ringer solution with 2 mM caffeine.
Stimulation rate, 1/sec.

June 3, 1966, two fibres, temperature 20°C

when the NO;-Ringer was introduced, a short
delay was observed for the twitch potentiation
to be completed (Fig. 1, B). The half time of
potentiation was 1 sec, and that of recovery
was 2 sec. The time course of potentiation by
nitrate was a little faster than that described
by Hodgkin and Horowicz?), presumably because
of a smaller diameter of muscle fibres used
here. '
The twitch potentiation by caffeine was con-
siderably slower than that by nitrate ion. When
normal Ringer was replaced with 1mM caffeine~
Ringer, twitch tension started to increase in an
expotential manner and reached the maximum
in 15 sec with a half time of 2 sec (Fig. 1, C).

The recovery of twitch was not completed even
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25 sec after the washout of caffeine. The half
time of recovery, in this preparation, was 4 sec.
The time course of potentiation by caffeine was
not altered with the concentration unless it was
so high as to induce the contracture, while the
time course of recovery was prolonged with the
concentration of caffeine (Fig. 1, D) or by repe-
tition of exchange and washout. The presence
of above described delay in the twitch poten-
tiation contradicts the idea that caffeine affects
only on the surface membrane. On the other

hand, the time course of potentiation seems to

be too fast to account for the entry of caffeine

into myoplasm. Then, it is the most probable
explanation for the time delay of 15 sec that
caffeine diffuses into the transverse tubular
system which is freely open to the external
solution, and increases the twitch height by
lowering the mechanical threshold.

The resting and action potentials of the same
fibre before and after addition of 1mm of

caffeine did not show any noticeable changes.

Since nitrate ion prolonged the spike and after—

potential and increased the amplitude of the
after-potential (Mashima and Matsumura3) while
caffeine did not, it is reasonable that the action

of nitrate was faster than that of caffeine. As
caffeine is easily hydrated, the large size of
the molecule may play a role in the slower
time course of potentiating action.

Contracture response produced by higher
concentration of caffeine reached the maximum
in 10 or 30 seconds, consistent with the recent
findings by Ludin et al.9). However, at 2 or 5
mM of caffeine, which could produce the small
contracture as well as the twitch potentiation,
the twitch tension was fully potentiated far
before the contracture tension reached its ma-
ximum. Therefore, the site of action of caffeine
to induce the contracture may be deeper than

the site to potentiate the twitch.

I should like to thank Professor H. Mashima for
helpful discussion throughout this work and prepa-
ration of the manuscript.
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Sustained after-depolarization in grayanotoxin-treated
muscle cell membrane

Takehiko Deguchi and Yutaka Sakai

Medical Labordtory for Pharmacology, Central Research Laboratories,

Sankyo Co. Ltd., Tokyo

Poisonous elements in plants of the family
- Ericaceae have been studied by a number of
workers since late in the last century. (cf.
Hayashi and Muto?), 1895 ; cf. also Moran et
al.®), 1954) The active elements of the Erica-
ceae were designated andromedotoxin, rhodo-
toxin, grayanotoxin, etc. The chemical structure
of some of these elements was recently clarified
and classified among the diterpenes (Kakisawa
et al.H? 1961, 1962 ; I'wasad, 1961). Grayano-
toxin-1 which was extracted in our laboratory
from Leucothoe grayana, Max. was used here.
The toxin affected the mammalian afferent
nerves. Vagal nerves, carotid sinus nerves, mus-
cle nerves and skin nerves of the cat produced
vigorous burst discharges following intravenous
application of the toxin (Deguchil’21964, 1966).
In this paper further studies on the excitable
membranes of amphibian skeletal muscle are
described.

When a muscle of a toad or frog was immersed
in Ringer solution containing grayanotoxin-l in
'a concentration more than 1x107% (w/v), the
muscle cell gradually lost membrane potential
and began to fibrillate. At lower concentrations
the muscle remained innert and membrane
potential changed little without stimulation.
The toxin appeared to be effective at a
concentration of 2 x 107% if electrical stimulation
was applied. Either the whole bundle of the

sartorius muscle or single fibers of the semiten-
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Fig. 1. Changes in membrane potential produced
by grayanotoxin—1. A : after-depolarization fol-
lowing a single spike. B :the subsequent single
pulse causes repetitive spikes and produces the
summation of the after-depolarization (the same
fiber as in A). C: the time course of the after—
depolarization following a single stimulation. In-
ward current pulses are superimposed on the mem-
brane potential change at a frequency of some
20/min showing effective resistance. D : rapid repo-
larization occurs on application of choline-Ringer
(arrow) in place of Na-Ringer at the peak of the
depolarization. E : tetrodotoxin (several drops of
100 p#g/ml) causes rapid repolarization early in the
falling phase. Arrow shows the point of applica-
tion. Time : 200 msec in A and B ; 2min in C, D
and E. Voltage ; 50 mV throughout. The upper
line in C, D and E indicates bath potential level.
Concentrations of grayanotoxin-1; 5x 1078 w/v in
A, Band D;1x10%w/v in C and E.

dinosus and sartorius muscle of the toad were
used. The mechancial response of the cell was
reduced by adding sucrose in the bathing solu-
tion to raise the tonicity 2.5 times normal. The
preparations were usually treated with the
toxin at a concentration of 5x107% or 1x107®
at room temperature. Two ‘microelectrodes were
used. One electrode filled with 3 M-KCl served.
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for recording, and the other filled with 2 M-
K-citrate served for current application.

In the bathing solution containing the toxin
a single stimulation pulse caused a spike or a
train of spikes and the membrane potential
did not repolarize to the resting potential. An
after-depolarization remained for some minutes.
When a subsequent spike was elicited on the
after-depolarization, the depolarization was sum-
mated. If the summated depolarization reached
the critical level, the cell fired repetitively and
the train of spikes vanished after inactivation
by depolarization (Fig. 1 A & B). After the
spikes vanished the depolarization continued
until it reached a peak in 0.5-3 minutes (Fig.
1 C). The rate of rise and the peak level of the
after-depolarization seemed to be related to the
frequency and number of the spike repetition,
and also to the spike height. The peak level
of the after-depolarization ranged widely from
—40mV to +5mV. The latter figure shows
that the membrane potential is reversed by 5

mYV. The membrane repolarized gradually over
a period of 10~20 minutes to —50~—60 mV,

and occasionally to the previous resting potential
level. The membrane repolarized to —60mV
or more when it regained excitable electrogen-
esis and the sustained after-depolarization could
again be produced. The train of inward current
pulses superimposed on the membrane potential
change served as a conventional indication of
effective resistance change and also to indicate
whether the tip of the electrode was fairly in-
side the cell. During the rising phase of the
depolarization, effective resistance of the mem-
brane was much reduced. The resistance re-
turned to that of the resting state during the
falling phase.

Since the after-depolarization lasted for tens
of minutes, it afforded enough time to change
the bathing solution during all the phases of

the depolarization. Rapid replacement of the
bathing solution was done with single fibers
in a device modified after the Perspex cell of
Hodgkin & Horowicz (1959)4). Choline-Ringer
solution was substituted for Na-Ringer at the
peak of the after-depolarization (Fig, 1 D). The
depolarization decreased promptly on application
of a rapid flow of choline-Ringer. If the normal
Ringer solution was allowed to flow in at the
repolarization phase, the membrane depolarized
again. E in Fig. 1 shows the effect of tetrodo-
toxin on the depolarization. Tetrodotoxin has
been suggested to have a specific blocking
effect on the inward current in excitable mem-
branes (Narahashi et al.910), 1960, 1964). When
several drops of 100 ug/ml tetrodotoxin was
added to the bathing solution at a point of
the plateau phase of the depolarization, the cell
immediately repolarized. The effect of grayano-
toxin-1 on delayed rectification of the mem-
brane was examined. The voltage-current rela-
tions measued in choline-Ringer solution were
not altered by this toxin.

These rerults suggest that grayanotoxin-1
affects a component of the cell membrane rela-
ted with sodium.
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RWTIE, 107°M DNP 135 % b EEE 2

Bodbhinh-tcb DD, 1/2x10M DNP # -

Tix G #1 SHRERRELLROOIDB X5
Ebhic. BHfEARECE LR, 1/2hr #
TIRZEH 2L, 1hr BTk DNP EHOR)
BB B - Tz

2. 3H-thymidine ¢ cumulative labeling
0.05 pc/ml, 3H-thymidine @ 16hrs ¢ cumula-
tive labeling ic &\ ~C, FEFAIIEARE (1/2x107*
M DNP) ‘ci%, DNA &BGEECHIHZIELH
7. BIEATEMEE (1/2%107*M DNP, 1hr {E/)
TiL, W O MEER © BEBESEARDE R
2B, ThIREERS AHE T, SHOBEELTE
RIRELOLELLRS.

3. YE7I/BRZLOPER—T7I /R

BE E1H)

FHERER - FTILERR - BREXHR EEANREL
=)

HELINAT § /BLERBREOWE LT
W, WEAT IV BRZARR X - CNHMENA &
bz &, ¥REDADEENT 3/ BOBEL
Yo TRB EIEXHALMCLE. T51L1
Bgnb, LDAT IV BRZFOT 3 BREO
FEOHHEE IS H—20RAELT, MHIT 3
JEBERHDEI X OWTHEF LT WS,

FTHFFREERHRE L L, BPEERCH
L LRI L DL, BNEK 3g (E/T iy



W

40%, LE7 I /BHERHFL2—-v) O7 3
7 Bk B S, Thr, Leu, Lys, Val H 3\ i3
Ileu DWFhp—BRETHERE, FOZENY Y
NEIVEETRENZIE—LAT § VBBRZE
FEER 18keal/kg DRI (Fiw=~v R
R—Flvaf) Lidbichx, 4R (BB
RO R BEclEMEECROL, mebiEg
7 3 7 B % Technicon O HEISHEHCRIE L
7.

Z DR, MFRT $  BE (1618) 11305~
1FHTE— 2 L7 D L% 4 ~ SR cizis e
Hed £5. Chi U TR G Uik
WR7 3/ BomPEEIERL & bRl
4 ~ 5 BT, ZEREMMC HL N T H40~602 DE L
SXARTNS.

CHE ERSHENAT 1 /BoWTERER
SO UTHER, $IR7 s 2 Boimd X b o
KRz, 1) 71/ BOBECE > TEDHBH
Lz g, 2) NELFEBoHEEYSE2 50
OSBRI STRELBEI WD 2 Lt ¥hs -
fo.

B, $IR7 s s BoMmpndb & o~lETs
PRPIRB D, BERICX T, HE7 s/
BABRSHOBYE, Tl XOMRORET 3 /
@%E%ﬁ%%mﬁibtnb

4. AR AEHR

FHFE (LB A% 2 £5) _
MR v B BBRIG BB fTichh s &
I, ThbIBEIMEERERNEHB LT B
EDHHRTH B, FRIET TR TH 0D
WL, MW o ORERS 5. BT Bk
RISFHRHTE, —BRciifrMiFREOwke,
ERREDOGF O HROEIIEL ST, 4D
L2 RIEREICER S h 2 HEMERN, 55
CHHOHIhBZ ENRTRTHB LR LD,
FR—oDFHRE L THEDD Z LR KD, L
Ligiih, hb ORIRT MR OYBE e
Lo ThHNT AR EETIBLOLELLAS
DT, TOREERCHEACEERLLDDE
BOZEBNRAES, MR OERRE LCoBE%
EDRCRLEBBLDTHENET S HL2NT
B TAFH Y & LT, kEAMBEIIEETS
Tradescantia virginica DEMEEF\T 1, 20

& B 175

FERERAAT.

FORRER LS L, TOBOHBTIE, MEA
EEACTHRENT 5 B E OFAERERIL, W
—E DA gradience ¥ RTHEANRSH D, Fh
A ORBE F M TAEL, B>
CONTEDTHONEBTHE L, * o3k
DREAYE DN EEEE~ O HER L HIET
5L, B> CEPOHAERD B = L&
DoERY, ThHRBIZIEZ OBOMIEN TORE
BT 1R DY BRI AT R A b 1 H LT
BT EBERLTWA.

Z LT ER LI CORBED &S
L OMFHIB AR I 8y s XuTAE e, ke
PO « DEBIER 28 b 5. Alb#4 TiEE),
active 7o 5EHEDE F b\~ fluctuation, i
DWETEE - TeWiE), HtkED B 5 HBIOERH
WEECBET S drift, BILREDEELTEE £
LEBADLDOERFILTENRS & 4 DHBLREES
Homednz LAHEK, FthbiiBE LT
A CY B ERCEEBACE S VT B 2 &
T LA R,

5. Cornin DS EICDIT ;
KERE-KE £ FF AUKg 14

)

FRY (RE) A () XvBoh, v=45
DB U CHEER%L $o%E comin i3,
DEAE wie—~X#5AREDKEL 3DRG
HIh, 205, Fr. II, Fr. III wiEmp e
¥ %. Sephadex G-25 i X Y P cornin D44
BREI 2215350, 5TEDNIWEOL
B (Fr. II-2, Fr. IlI-2) @2 7 V4 &4 FORIY
BARAEDOND. A cornin OB, Fr. I,
Fr. II @gohblE4EE hicwv 23, Fro I 2%
Sephadex G-T512 X b 2 o3 bh, CoOBE
Y5FEOPECGE (Fr. [II-2) w2 vz
1 FORNDH 5.

% 4 DS EOH—EBEFRESKEKBR XD
PR, A cornin o Fr. TI-2 LIAMIE
SEKBPICH—TH B LI E L eh - .

EYERIEEE FRCTEo0, Fiokgiley3
THHUNERDS.

6. Cornin $E D LY EEEIC DT



e | w7

EE B GRE—BEE R MEE (B
HRES 1 4:3)

Muscle cornin % DEAE cellulose column ¢
SELTWS &, Fr. L Fr II, Fr. Il } 320
ESShhs. bIc Sephadex % FuT Fr.
II % Fr. II-b-1, Fr. II-b-2 iz, Fr. III % Fr.
II-1, Fr. III-2, Fr. III-3 LA B Lizd D
w7 H Y =DORZEINC05H (£E16~18C),
v ety = OBEITI05R (EiR26~307C),
BB Ui, gLy =Iioiiss a2 BeEL
fz.
~ Fr. II-b-1 1% 10-Sg/ml, Fr. II-b-2 & Fr. III-
3 1% 1077g/ml CHHBMEL T D,

Fr. II-1, Fr III-2 TR EEDRLNLE

5.

Cornea ornin @ Fr. III % Sephadex (G-75)
% 7-1% DEAE cellulose column -¢ HC] gradient
buffer i X v HE I N5 Fr. TI-1, Fr. III-2 ©
DWTHRB L, Fr. 112 13 107%g/ml ©H 5%
BIER % 555, Fr. HI-1 (% 107%g/ml Tt &
EE o

Fie, HHERTVL Db BHHEFID Imhsds
DIEfBFERICTS 6 B0 L0k, FROFIE
TV = IS EANDEE LR L b,

Nitrogen mustard group @ nitromin [%1074g/
ml, FTL 72 ALECEEREFEGRTH D
endoxan ¥ 107%g/ml, ethylene imine group ®
tespamin |3 1075g/ml, {#HEHIHID mern (6. M.
P) 107%g/ml & %43 2R EIFAILEES - T2,

HillEH A& D mitomycin-C % 10-5g/ml, toyo-
mycin (chromomycin Aj) {3 107%g/ml ¥ CH %
EBIEE Bz,

1. bRiEREREAEEEO BAMCEH LI
3 Ca™ opE

BEFEE (REXH 0 EER)

T PEBIO=Y ADFHIE, vavPasv A
=W = A Y OEERIRMIEE S TR
BL, MEE, HcimiEismEomE ER T
»5. MEREEEosEEEMLORE, JERE
t, IRV E O —BSE RS e o B 0
zC, HMlEREmO MR ESEIA, MR
AT 5MREOBSEMCHLE L EY, Hb

ERSB IO T— 2Bk, Bl eET

& #

conductance {¥ 100 J5% 0.lmho/cm? rEEIH -
oo REE MM GIEFIYA % & B ERIRTIX

1 HOMREREmEomL, MizABAEC X5
TFHROWNHL, cable theory I2IE—%7T 5.
¥ 7 fluorescein Na 2, HHrEOEREL 1M
AR EAT B &, EAYEDOG FRIC L - TH
MERED HH, HRSEREMEC Xbi
5. SHIIAIFEEREEOEBIENE L B\ &
smIHSES . B E ORTE 127,000 DR Y v
O fEEEEOMENEH I T 5.

BEL, MMEEEE O BB « DT
5. MfaEmEEnes o Ca OBREIEEERLE
vy, 1074 Mol Ll RT3 L, ZOMfaEEm
EoFEBER, JNECET 5 MREEET ¥ TR
DL, Hl-higemgmaom, 1HE1 @
SIEL AL o REOBESIMEE LR L.

—5iMEa & A B L T\ A ER M
LINE L OMREL, MRERESE /MR
RN SR ->TnD., COBEROREELD
Ca** 2R L, /gD Catt ofd, FoflizE
BESHER, SREERREICOERYEL
5. FOBREFHMEPELETS Cam
AHEESERECEEL, COEOBREYRDS
Zricinn., Mgt x Catt LRAEOEE BT
7.

8. MEHHEAMICILET Cat, Mg** O
B

BEBE (BIRE 1 £H)

BEEE R RR TR GRS L v R
3B BUMAREN O AR O Cat RE
oA LIEL, Mgt 1k Ca*t i
FCi S, TEEEY A\ e ER TR B MR B
OFEE Ao Catt, Mg OBREOEL
FExnio. —FRREAOIRRTEM OEE
v b EERED Cat* JREDHAK &Iy
L, Mgt BEOHAL LITEDTS.

Z OB NEREALDOBREE L RIRE (L DOIRIE &1
BI4 s FE L IcHREELIAT 5700, #iE
B AT OMRIEK TR S  acetylcholine. i D
BB L) FHAEIRThS.

SEOBET % B\ C DR CHUMAREAR DI
S alcohol % acetone i X VEH AT HEH
FiECRE L s, Fic alechol-Ringer G



7

TREZOHENEBEK D Catt, Mgt D
ZLOHEL5F5 LW EERLM . Th
HOEPEORTH® AV, TOMEGESE X
D BUNERR TERE U e MR R AL DS 1 A
Wrho Ca** BERHT LAL (3.6mM Cat
DOEEINT control DF250%), BEEI Mg** %
Iz B LA+ (3.6 mM Mg*t T control ®
#950%). ¥ 7o Catt BE R CHEIHA
Ufchy, e Mg*t %Iz 5 & OJEERED
T5. Catt L Mg DR & LT $ gk
BfRTH - .

¥ 7z alcohol-Ringer Frhd Ca** #JR U T
b U MEIRE LD S XE A L, Ringerfg
Brpo Cat @2 2mM §igo & &, F0MH
BN T2 B A b - Te.

9. BERBBRCETIBERKRO—ZEICD
T

MAERRE - LB <P (BECKE 143)
BB in vivo DIRIET, SEFHRENL
T 3ceps DREMERIEAEINL, 157 MR L
e LolSe, KEEHEMOIRMZ, SLEE)
W& R L, mfTREL LML, miThfEL
el il U 1 ~1043 i c—Mic R+ %
ERAED R, 203, RBEDOHRNE
BrEDRETHH S L&, EEDTZEHM
KMED L TR HFE, EE7 P o, 7
ve=¥ (NH,Cl #{fff) © Ringer %&ffk%,
BkE N L CHEHcEEL, EMG 2fvT8
RLfc. AT, EFMPRED 2~5f#T,
RIMOERB RO R, FERE TR, SEET
BRON. EET N B FHREED 5 %
FET, #RMoOBRMS RS WEEEE TR
FFERMOETARbh. FhEE 7 Pt
2~ fERE TR AL F—HE LCOEARR
bhvic. BMOBERER ULAEE, EE7 Y
BD pH X 54~56 ThHEBEOEERKRITS
7edie, pH 7.0 WHIELZ%D Na faxHHEL
Tl CAIRMOWRIE RS hih -7z - T
DHETHH> tELLISD. NHCl oF&ik
25fEREE T 5 ~ 8 S T—R IR DBk
ARBRA pH 12 7.0 TtH b, NHClL 12, %
B REECIEEH A iR oA R Rl TEAR
HHEDEEbIS.

& # 177

U EDHFIE 2 3 EHG O IGHERCRE L
TV AR S L HERBERRS 5 0 L Ebh
5. ThbbRABREOEYEOERIIGOR
ENAYED, FCHRELTREHOEFB %
EETHIDTH VHEREO—FRA L L CEY
WEOEEESTONS.

10. BRMIC & DEBERBERIC DT

EAAN - FHFEZ LB F (BRKELAE
)

BAES DERINRE AR 2T i3 Skoglund
LASk% < o EBRMTicbhTRc. L LEKRR
EADINBE Y v~ FEORBREL, /RO
SR, SES0T e X 5T, B THERCE
BRI TEHOME, ¥Rk ssHnasbh
Twd. HAXZDOREWHLNLT B, KD
EBAE R AT SEBR AT, BIATE AR
T U T G & 7R 3 R SRR 0 &
BEXRITHL, TOMBEXR, GREMORLE
TRBOHBC SIS TaEERE L. £1LC
F ORI E L S ¥ COBmBERETIE, £
& U TR ML /M R T, koK
W& % AT BB e 5 .

— MM X - TEROFEH MER T B D
T, HESRCOBE LN E OBIR, FRE
BOSAHIE BT X R ERE A T, il
X AR EREARRLCRAER L. £
FUTAHEORIBT X » TS0 MTEE &
2RI HLTHS.

EEMELE L TixE & L CROBEBIET 2 R,
BISi AR %A, B XOBRBIROMEES T X bl
MEERRE X, 7 FVF ) v, AT RV
>V VED MEIHER, REVEDE (€75 v,
TALE) RERANCEAL, ATHREmMAES
W, FOREHINOREL Y — § A 2EEHK
IOPEL, BEIME X 5HMEMED REEDOEL
% THELHZ D saphenous nerve ¢ medial articu-
lar nerve I b spike %i%5E, FoORISEEAE
FELTHRVHE L. ToRRELC X YES
HPREL L ~2 EMET L, spike DFHER04°C
DIREZETOLL LB RN LI, ZLThTa
TR D FEE U T spike OFH AT LT
G, B X 2EBORRO—~FL, i
X BHEBOBE DI X - THERKIEED
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BEYREITRDEEL.

N, BAOEHCLERETHFI-LTIVE
FU7EFLIAVVOE

BEXk - FEAER (U0 KE14EE)

REEERE, DAL, ERMEDOHREY]
HU, 189 lmm O] b, BRIEFHH
THEHAITA~AT IVEIOT 2FLa ) VOFR)
Rems U, ERRETRERERDO H%H -
fo. BARETHRERMEDR 122 AFhb &
bhitc, —OREFEREBARESRSHH © Kl
# (0. D, 2.5~3.0mm) 2 b, % 5—DI%, FH
D 2~4 em X7l ERRA % (O. D,
1.0~2.0mm) 2% & B R . ReMEBSWT
13, TRUVFIVREIC AT FUrr) vEER
X OIEERT D, HEVCITOHIRG, %, b
Biwvws LorTHEORIGERT O, ik
T bHEETTLOLL Y, —EL TR,
LsL, TRUFVVYEI AT P ) VELE
LC&aBbE, /AT FUF Y YRXDHD, IUE
I 0 AHEE L Wbh T % X 5 AR ARD
hB. 4V 7 UF ) VA TOERC R Tz
AT, SEEND 2~4cm HEhic, REROM
WISV TE, ZRVvFY v, JATFUF
Vv, 4V FrF U voThiigro gk
3.

UE3oDAFa—A7 3 VIR D Mg 8-
- adrenergic blockard “C# % nethalide iz X - CH#l
% bbbt a-adrenergic blockard “Cd % diben-
zyline %5 X ¢' dibenamine & X - Tz bhis
W, Fi, TRVFY Y, JATFUFY VDX
% UErs. dibenamine, dibenzyline 12 X - Tz
bha. ZOFERND, EROE OIS « (FH
Xy, MBI EARI s TWAHE VLS.

TaF Az Y VIRRWEAE & I IS TGS
RAIENT, WERbREERWLIREEHA TH
C B, TRFATY VRIS THELHERT b e
v Tz bbb i, hexamethoniumTikifiz &
Risws., fE-TC7eFA 2 ) YOREZERL AR
A VIBERC L 5 TWh5.

12, £ RORXBMHBFHCHT SRENKIF D&
BRABOUNR
BEEE (BHRKRE24H8)

5 Daly & Scott 2B X THEIREDE
BEHBT X 5 — kT DERISERIRTH 9,
Z ORI DR E MR OTREIEM, ORI
BoOEENE X 5 L HER L. 5, Downing
& Siegel (1963) 1XFFEEF: = CRIKFHC IS\ Tl
IEZ RSB DL A ER S i\ & DY,
Z OBFRIA > CTHEENWRAE I I1 200 - 1
BRECEAR DOIEE 2 B D T T 5 I DIt
I,

IEFREMRI 1 = (254), morphine—urethane—
chloralose JREE( % (9 6l) DOENRT I 4
HUEBRR L W HBES h, fBil1 X 01 c—EE
TEERE NIz, BT RCEBES AZRAIE
Fifi1 * OEHRGFIE S Wiz,

1. EREFRT CIREREIRIN 1 % OBz
DIEENIEEIRGIIEC X BRI = 5 87 0%
DORBEFC LT LIS IS, L, FER
T —fc i inoEm e md. MEERKEmE
TRy, BROEENIRFNC X - CEH
HmEh5.

2. WS E—CR LI AR T TlF, 85
BRI A = DDA REMIE « B OIEEN X IRE)
BRI X b KEe#mahs. Lal, K
HOME LENEEC 520 TErh b DOEE
IR s EERRT. ATRRT CrRERI#E
X DRI ER I NS, UISEISKAE M g
B, FERBE X - TR OmREOTREIE D &
BOEBZIh, IR BEOCME EFVE
Hohb.

3. WREA =TIk, SBEEIARARIHIC X > C kil
DREET OB Eb i .

ChbOFERI Y, BEREREC X - CER
B LEAC R - B0 — RN Te KRG
L DRZTOBEHHEINTH Y, ZoBRIFARKT
2B RAHEERTR (BFRETFRT) SLOMmE
L& (AITHRTF) © X TNl zhs
WS LERTES.

13, BhigiEE) & BIRMEZH & OBF

ZEAE - AR R (REAYE14M3)

& LT T S 5 B OEBIIE
ADBATFRL VEEShBLELLbNS. I5hA
S, BYARILAE OZEE) & DRI IARE « (RO
HHENHEESNDY, ZOMCHTY D ERN
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MRPDELEZ bR,

Nembutal FREFT DIOLEBHEL S ML FO
T & DR Ot TR 3o IR A TR
L, analog computor %#BF\C, +FOESEME
TOEHERERD I, FCABIRS 3 X OEL
REDARIMFE % FRHEEE U e,

RMEAERZ RBIRBR M X D EEH X ik
R, BMRIEE 13 KBRS - ABEETEIRDE
&« EEGEBIRAAOMELEC X > THEY 5
7, EEFRERS X OBERMEOCEEN X » T
RHEBOEHERDIEM - 12,

IR AEIE B & M EAE) & ORI
Blxfmnimbht. B, BEEEHTHNT
MEBEIC X - THIMERTW5 & L RB IR
oo TR « REDRMES I TEE)IRIF A
PR mA—EAETCH L B RIS~ 0K
BIRD Ul 7, Zhb RO R
AN X - CBMRIEENCITZE R LB R
Ddbhich i,

BlEoHEENS, B, & LTk
FJOEZRBOFENC X iM% 5 3 5EAEH
Ihi-.

1, 4 ROEEWEH O BMIRMEZE

Bl K (RIS 2 A4:35)

55 8 M A AR ARE (1966, 7) wis\T
1 R DEMFEEAIC R % 5o 3 X OEl%E
R DT OERE 2 Tie\, 0
T, MR RRAE D B \ XK PR O TR
MR OFIBLE OB E IR O ERTA, B
HEEOERBTALHDEEWE L. FT
F v ) R IRAICIES LcBE b, MR
DOEEFLABCHEEODENRLOR, WThi
DFEEDBHREROBEL N B FEEREOWTERT S
EWNTEIh 570

LA B a-teceptor BT R v 7 FB EE
%2 bh T3 dibenamine %\, KPAIBEMES
BWET Frr Y vOBIRNESC L > to&iz
SNDIFER R A RAERRICHIEZ R B & ENT
.

EEREIMCIL A % %\~ pentobarbital sodium
(25mg/kg) wEHARPIICIEST L OB {T70 - 72,
Fic gallaminet riethiodide (1.5mg/kg) #&ARMA
CHESL, AR & & T EREThoT.

& B 179

Dibenaminel 20mg/kg DE& 1054+ DEERE]
B CEARPIC ST L.

R oiEssh R in vitro ‘T HEZT B & &A%
T&k. 2~3cm ORIXDOTHABELHEEL, 5
BOBRG®BRELLZOEAYZDEE, H5
WL Z OEALLMK 05cm %ol b,
Zh 37C wffichicgfghic AL, BMEO~
— N THEE3 5. 5%1077g/ml @ adrenaline iz
X - THIERIfER O &8 Z L, dibenamine?
S U #icit adrenaline (2ERETH B,
MWErOERZT. .

Ll EDERIEND 1 2 OABHBEHTIT VL
W% a-receptor L p-receptor A3 D, ATEMHE
DFWBHHET F v+ U vOBERE L -T, &
BhnD receptor I X DB EALIGED B\
HfEE O ERBT IO LRSS,

15. =7 bV OB EHOMRZE

HHRE - BH—T (FEKRE 248

X CHSER, RO BEBOMELEIC DL
TEBRL, KEMRESERRES X O R
P B SETHN G Ot kMR B E B IH R X O
PSR IR DI B & L 2 B D D
Lic. $Eix=v b Y OfEEEO MR EI D
WOGEBR L.

SEBR I nembutal JFREE (25mg/kg) ZEL7-
1.2~2.0kg DB L 7+ VESTER AV, 58
DEENL = 18 & v 7 — AT kymograph
IR, EROMBICIIE 25 ORBEET
AV, MESRO BB NEEAEFEA,
0.5~5.0V, 1~100c/s THIE L. FIBEHAITIE
B 30 ¢ oFEFHETF 2781, Kliver-Barrera
Pufty, Nissl efad L0 b B REEL Tk
ELk. v
© L REEREREE OB CH B ERORED
MR IS A BT, Eio, 14, 15%EER%
Gl U 7By o FERE O IR C 5 B E ) O IR KIS
ORI RIS R Db, & OIMEIREL Co B
HRIIMET 5D, F R RERIGICYE L .

2. PIBAHRR DR ORIB TR B EBI IR
GO MMICARE RIS xR DTz, E, TOHM%E
AR R G U B O ER O RIBCH BEB O {2
ERIEMRRD bR, & OEEKIGIL atropine 8
BEEEER L.
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16, EEHICHTD NI =4 v DER

NEBESR (UoKE24E-% £ (LUAX
o 2 fgEl)

1. #7 =4 Y, 747 1) Vs EOFEHT
S35 RS, BT 2h EERAT
HBEMNE D T ENT, AREOHHL
RBHYACOWT, RIS JOFEREIE
wZEH L.

2. A% T\5 Ringer i, 1075~
10°%g/ml DElcH 7 =21V, 73 /77497,
FAT 4V VREEHL TS, WHPBEHT =1
VIR b\, BROBELE RPN T
Na* #RUC CEEERIZER) Ca't BE% 5mM
LlblE, BCEHETHIHEND - 1eh’, Z0
BOEERENSH 5 LEHEEH 7 =1 VigLD
VREfE R L % 5 2 Lciy, BETRTRERD
ay
3, LEHEEDHNT =1 VisE%E v Ringer
Wrhe, EROERBIEIADRR RS, ¥l
10~154 Z IR LICEARTIL, 7542 ¥
Xt b RISEEST 5 (EHEEE % 7ol AR
AVNE L, Fo EE T 5 BRENEL). BES
108D & &ix, RIGANEDRWZ LdH DN, &
W& Ringer W3z L2045 & 4ud, FHIFA
e RgERRIGHARbRE. b DI, 18
A= Ringer W RISH (B R80MHH)
BB L IERT ST, HELTHET S &8
T, D& & F1, ERIGER DL THEM
T5. Tinbbh, TOREOCERFATT, BE
CARF IS L Ebhigu.

4. 40mM LY 7 A F ok, 50mM D
kA Y ¥ ATHREYED S8k, 1073~107*
g/ml ©H7 =4 VigE%wETs Ringer FICHA
BARDE, brORSERIENCEET S E
CORRIET B Ringer YC R LB EEL
THE .

11. Morphine DBl GESIC K KIEFTIER
"R R-EREZ- - HEEBE @UXg24
)
 Morphine 134 % O EB R ECIETS. &
OfEfAIL atropine FAKK S, T I-BENMRE
ERBEELBECLADhS. COREECTLD
morphine 23 BRI BACITTENCEA T 2

=

LRI A (RR, fil 1962). Lrdicer
v ORI IEE % B\ B B9EE D% < ifmorphine
CX O BESHHShs Ly . COERNSE
BEMOHRICEET SO0 E 5 MRET 51
DL, A E Y b, TV, VY FERHD,
Magnus 3% X 08 Trendelenburg #:ic X - TE
BTl - 1.

Zh DB D BEE)T morphine 12 X » TH
CITEL, FOMBEIRErEy b, Ty b, ¥
FETERFR 1070, 1077, 107%/ml CThH - 7e.
ZheDBETE, BEBIEOREBIEAT S
BRI AL oTe. UL, BELYE
TEERREEDO LH A ALN, CheEETS
BERAEOIRIBIINZ » TN e o, Thb
DOTTHELRSF 1T hexamethonium, nicotine O EHHE
1w, %7 atropine DRI FAFELR
fo. i, BREEBIREEIHOIHEZR, DM-
PP o TR, 3 L O° nicotine OHNHIE L UUT
JEZH R L morphine O AL X » THEINILH
STz,

LA ED#ESEr & v morphine (X h b 3EDE)
eIt b A kAR TEECEEER
L, ZOEEETET50LELDbNS.

18. Retching [CBBJ D%

AEEE - KB B (BBKRE 24:7)

Borison & (1953) & X+, “vomiting” (15
AowHa kv, “retching” LfEdTnnE V5.
Lof%, VEukrRIROEO—EMEE L T, retching
CoWTHERD BIER BB O THRETS. b
AR 23FADE « IER % IR L T48( 7 retching %
R, LORIGHIALERE L.

1. Retching (ZMEH A&l &3 5 — B
EECh B, BEMTobhitnz & X hFR
EXFIENS.

2. BERRMEHED S, ¥ IIXBhRIHEE D & O G
Gi%, retching 135U\,

3. Retchingik, IR CHRMAEMEL ML
fof %% X OVGH » FoBaR CRBEA I L C I
BOBERHRWIT 2L ELRI.

4. Retchingld, FREEA T ERBRKER T
Bohi.

5. JEEC BT, KEEHRIGRES <
B GREMEIS AR08, REMEEA
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BB &, ME6 &, WMEAAKL &, IMRTH
4 5, MHESURZ 3 &, MER L )

Zoff, WBEART A, ASREMEL S350
fo. ’ .
6. BT, HbTHIHALIEL R
(BB MalsE, FTRER, WAEMRMAES 1
)

19, BRECOBEFREEFNWR
BEAFE®R (BIURHE 2 4H)

b= = 104 Pr AV, BB 5
HOFREMEWH S OHREBIEL A LLHT0
BALECHEL, b THMER X OHEDH
BEEIIBR S 1T - T,

ERRIZER 0.3mm OFEMT, PEEMBIES
JMRIENTER s D E R, REIEBILAERTERA~
FIAL, WRHAE A v FCEELC. BT 30em
¥\ 7o xenon lamp 12 X % RIYEHI# A, B - BE
TIEGIRAE CRIRIC 52 7o B B % R Bl 2E
U, fEIRIEHE DS T\ % HERR 0 30[E 0 UG %
AAYESHE ATAC X v SEmME L.

B Y Golgi-Cox, cresyl violett, luxol
fast blue DEYLEAITIRVRALIC.

1. #HOBRVWETHRLULER, KR on-T
IEHRKEGTHBZ EMThotc.

C 2. WAL 2[E DGR, ok, iz
BletgEinid v, BET 5 ¥ CARENCE L
. ZhxlHK Py, Ni, P, N, Ps, Ns-complex
E£DOT . BIEEIEET, FEOESNTA%
BBHETHE - TEMETS. BIEHEC X b N OIRIE
BT BA, TOBEIAERD EEbbin
7t%. Ng-complex DBEWEILS5, 6 AEMNDS
Blbh, BIEE X viRENET. Thbd Np
1% cone %, Nz-complex DFEUvH DI rod R
BT5LEbhs.

3. JRErEs X OYRBOMBC X b Na—complex o
BULRGDANREETB.

4. MR, BB T HELBIE
23, 6 BB LT, BEES L LS EL
7, MfafEI k& /b, basal dendrite %3
ZEL, axon K< %, Myelination (3#1H 2 b
AR X ORIEERB L EEH & b h, Nissl
body LA REZDOND.

5. HBFHIRZEOMGITHD = L1k, FHR
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BELA R B BEI MG TH D & & Xt
L, Ny—complex 0B \WH4L5D5, 6 BEOH
BT 3 B L OGRS B 7su:

20, 4 B YRIMOESEES

LHEFF (BHRKE 24H)

TEETHH M ) OEF ROEESNEET
BENORBECEABTHEZRL TV ADT,
COBELIEE R R D T LIRS R T E
B, v g v Sgikg OEBRFEHCL T
BB, BB, R, BERMEM: ST RiE
FHNBERY H T, PR BRI S
%, BREBCII= 7 2 L HEBER S0p 0T
B FAMRY 1y OWTEMTEEY A
W TSR X 5.

1. TEARHE DB E— R X B REAE
1L, 20 msec FEEEOBEMHIEO Lic A1 s Dk
HENZOFEEL, FO%KIEE< 50 msec FFED
BEEs DS, Lo LR CIBEE Sk
T 100 msec FREED RN SRR A ISIR D2 B 1n
3.
2. BEEHWORER, 2cps L EORIB TR
RRRE S L OIS L 2 B EDBRMEAR T 2
BRS OFREIRD Uiz, Lo LB =2
2 7 BERAE 150 cps BB & BRE L 1.

3. BREM OB —f BT X 5 BB 5
CIEF RO Fh & Big b, 250msec FFEDIE
HEEorBERETH Y, TDF -~ VIIE
WP LR,

4. Intact OWEMHFEMEHEMTKED R 21 7 [
@pzzbﬁ?Auﬁvxﬂ49E%@$&Eb
HOZEBOLONEL, ic—FHob0d b
. RREECIEAL, THMEO#EEE -
BEDCA LN/ FHIL v HHAYELL. FkB
B, ERGERAZA R U AR - OB & # - 7ol
BUX, A=A b L ERE O R BRI HE
THERBEHRTED L A b 75 2RISR E R 2
FThiCHETS. RRERBIC X Y ARERVKE
DHEIERD T LS. .

21. DR DA MO BIEDFEME(LIC DT
EOEA (FEEREE24:1)

D&M 2B D% Tyrode HHEHEHELT,
— (I DIBZE « AREHER « FHIE X Y B % TEFHE
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5. ki 25x10M 07 = Vv VLA VK
2 1l~3 FBET S L RERBIERELERL,
| Z DRFICIRIERE O RS OWINE LS = LA
A

Ll 052D LA UDERTERL TN
R RHALEBRIZZ =) Y VIED VIR LD
EHEREEA LR B2, BEDER
RO DOEMEIREDOND Z LS. BETE
HEEERT 5, Tyrode 3% 10ml 240 2.0
mg DF b2 r—ACEELWRTHOMUDRE
T5E, EESHEPTBNTH, FENELED &
FFEEZBR TR VHBIE LR H LD, oK
CET HEBERTOEML R LDENS.

ThbDI kXY REOHFEEIIFRNLET
FRINLTL, WEOEBRS OIS
SZHTHAHFRIND LE LT RERbIg.

RECRBTZAMLLTDO7 =) ¥y viED

) RS MLETE L THIER b R bR b -
TDIE, 7= Y)Y /LD ) OZORREH LD
NicholcbE2bNBN, FohiimEks
LTCOF b+ 2 w—akb5s b L BEFEERIEE
INT, WEMEELTIBIHRHI M ERS LR
TEHERBZHDTHH 5. FRBIERH T
BEESEETI 7 =V Y e VEA VIR X o THER
B DBEMA RO B DI E AR X 5D
RESBRECRFZETS.

22. BREIERS &HHER
WEZE BERE -8 & BEGE (#
BREE 2 £H)

& #

BxL a3 R k5 VT & — L FBHTCE
Wik LT, BUEH, IR, RIES, EUE
X, OER, PR EEYCERTERTES
I, -

fAEY 300g (P 335.6+266g) Db 8P
ZACT “BARE” T ART 4 BRI
®ITinbeic.

RERE L LTI Ththe “BaE” cAn
HREGCEEE A R T, Wik, ReiTh-
fe.

EHARKRTH, EbRBEFHEENCART
24p5[H, RV 7SI 7EGETR - LB, 246]
3B\ 2RI BT B HEIRE A IERE (7.0
£0.34%) X YD (33, 5.2%) Licad, 6l
WG E A EBERRD b hich - T, i 2
FD 5 1 ENGEER T305H X #3045, B
Ry, BreEE L.

LiL, 2Bl WCGEER TS, Re0MH
MERR D FE ¥ CrrE T B HE OB HIIER R D
bhic.

Lo A, HEW 200g (F5190.8+1698) D
PO ATUEAWCEBEOER Y Tieofck Al
EOREIZED R -,

P EOSEBRTEN B Z T, BEERHOMUINE
ROMENTHHPAIEFC X550 LEbh, $hE
B st 5 2 L BEOEHI X - TXHRHH
g,

HiE, F#OMEARTFIT D W T EREEED T
5. '
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BL2DREICRITDIZRIBABRER

B R (EHNEARSE 2 4E)-HASH (K
HIFILERER}

BADEFRAOKBREME 2 W THREFL
fo. BRIEFF D FRELILHT0msec 0 peak latency
BEOBENIB&MED initial spike & 150 msec @
peak latency ## OB K E VRO L b
5 Tn5h, ZOEDENIZKE e EdiE o4k
BREL.

TERBT X b, initial spike ATNE R TD
%73, initial spike DEBOK X VLEMREICITINE
HEERRDIN,

FARRRS OBE R AT BN 70 msec B b h
% initial response & FRITHEL @ WHEDU & H
BE-TW5, 13EEORIMOK 100 msec #ic
2RADORBEMZ B E, o BEOHEOIRMILEY
KT5. CoBEORGOENL, 1REEOH
B X VBRI e RO & 2 R E ORIBuC
IOFRIREEMLAERILDIHRE L.,
100 msec Bl b o FIMGTLE 2 OB INZ &Rt
BHEA 4« OB X 9 BRI e BREOEORM
ERBZELVY, 200 OMMEHIE 5 HHit X
DREL, MHEITREES I X vk
%. 100msec LIPNICEE 2 0flBn 52 bhics
7, B4 OB X VERIhic e O OR
L DEIINEL TS,

FEIRMFICIE initial response DA% XLHEA L
BRFERT 5. ¥ e B0 L AER
BWEHEBTTS. WEEZED LR,

BR DK IBE) & K FRBA

EE B GUERIERY 2 47)

ERBALE AT\ THEREAL & 4 0 8K
By OBFR A~
B—SERM0T X DRI D e OB DR
B xR CHEECERRRoR 5, C DBEORE
RHIBE A RMETETS &, K&\ E
sine WHEDFHENEBLIS. Ll eBEOEOHE
P D EN R CEBRBO T » e e, T
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B S R OIRMI e RO O BER & F
—FETHB LB ERENTNRS. 0

B CIULE « OXFIBCHER S i e O
HEPER TR TMEL S DD _ LIl 4 DI B
& X % initial response MFEt ~7cdb D TH B &
Abhs.

BRI ORI R 25 2 s, HEoE
D e PRROBE D FAFER & —FK T 5B, F
BombsBECRKEOAE JITHAL, 5~TF
H ORI TRAICE L £ OB THIE L B
NTCHERIGEOREIREBLIZRELA L. 0
BEORISOWRME, B UHECHEEHNHS
e D SFHRE OIRM L E UL, ¥l ofkoiF
mEdbFELL.

BARRRFIZIZ, Fe b & B AHBFI %52 T
3, HEOKOHEME R KIGOKRE X238KT
ZEIALRILG. FRERBCA T B0
DHEINCHE > TRIEDOKRE LAWK T HHIIRD
Bhigu.

B > TR D HEIRENLME « DFHBIT X Y 5HF
TR afROWHAMEL IO THB EELDL
hs.

KD FROBINE L UIRE T @ progeste-
rone, estrogen %:&RKICH LIFTEHE

NEEE- - BFBS - TEHEM BRRTHAE2
A:38)

B3 estrogen HFALED 7 ¥ % B CHE,
FthEs L ORE TR ROEB X B EE
L, k4 DFZOESFIFL (60c/s, #HifE 1msec,
BT 260~280 A, EME) w3 < JiTo
progestin, estrogen DGR E XIFTEHEYE
RU.

ZDFER,

1) B0 alveus OESHIBIT X b BTN HE
FIh, PR BT % progestin DYEAHEL L
RS hic, Ao LR OR—ER, &/
KTMESRZCbED D, —FKE, iE,
BRTHSRENFEEI LB 0TI, BS
PR X 2EIBOFRIZRD b hich - 7.

2) BEOBLHBIIENE, BKTHRSRE
DFERIHEL, JIETO progesterone A FHA X
hig R & hichl, estrogen A FRIITEFED
ERRDLRIEh o, ¥R RK TR
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B XRIBOT X % JRBT D progesterone A: £ BLIC 5
THIGEDHRT OV, FAEOMCEEDOEL
BDDIILh o1z, HEEEAIC S W UIEEH]
OB BT, JIETO progesterone,
estrogen AHEAHIHI E iedd, HREOYTER
N TEE, BB X - T progesterone A= &
BaMEE I, U b & X v B InE
K% L IETH LG E- NS -G T RS R
FTHOTH DT Lhbroi.

75, EEG » & & f BRI OEE Mk
progestin £ AMK U 1-FE S o JE I {TE &
h, ElRAEOREML progestin AEA LT
B & hic, B - CHB-ER T #-T =408
BRUT progestin IZ%f L positive—feedback F&fi D
—RELTE &, R-EURTH-"T EAE-TIR
FiX progestin =%} L T negative—feedback F&
D—RELLTEL LBbh3.

o ClgE, ZofEks, Hix, FHES
KUEM2, 30XE, FPICREHEHOBE
22T

KEHFEE (BHBETKRE 24£H)

A SR OB R Wi T 5 Aic 7 CL
BEOEBICES T 5 5BATHOBBEETHT
KRBT KROER LB,

L. FHEERE LT~ BTG 2 FEE
BTy EERR R E BN & Lick OFBEO H LR
FIEy &2 1T78 -7z, Hl%, ventilation %, non-
ventilation ¥, F#kEE, X OERIEICSWTF
DOPENE % LB LR, TEREAR S X O
HEFRTR 2B CRIPHRE R S BF LIEH T
HrHrEELLR.
2. A—oZRFflE (RIMBE) x4 55T
BERIO Cl BECREAZRD VKD 420
type I htc. Typel: BFESL Cl g

DEbD. Type IL: TR CLEBEDOEY

b D. Type Il : RFEA L ClIEEDOE WS D,
Type IV : BFEAD L Cl BEOEWLO.

3. &, T Cl REKCHHHALIIERN
& i Cl BEES X OERR, Mgk,
B, AR X OFEOIR/EL /5.

4. RABF5, RALZTF3, PNEdestgr
- OFTEH Cl BEOCHEXSOREHE LR
it BRIOE Cl EI (Bxdoik8 A%)

b ERRBELLREOR Cl fiers. R4AH
CMET LiAkic 5 Bic i FER R hER
cERTA. RIEEIS AR, 4, %
FIESCIXR AL T8 L OVNRIZBAS Fic bR
FRe K FE BN Cl BEARLE:. EFQX
FOETFH TR, ‘

5. 7 Cl BEOEHNEENI S FHERD (H,
Mg, BT Wb TE L BEFTLTEDLR
5. (HL OB, 3HCBAIBER DT
X OERIhS.

6. FFEET CLIREROPTRERCIIBEA
B, ¥FRR—ALbIEIEHNERENDD. —I
i Cl BEMEWSSIIEER OFTEERITRE
BTHIRDEA W EEHEM, 7 ClRED
BWEAIIT B 2w BELETERRRD bR
5.
7. FRIBRENC AT 2 EAME RS OME LT
Cl BE L oMiikapEERsRo b, A
B Cl EEOE- D DILES M RHENERT
»5.

BRI & BRI RE & ORETHICOU
<
LR - RSFELE - X8 B (EusA v

&)

OB, BERICBIR U CEEICE)
{Zo0MHEE, BILBINBERAH (pontine detru-
sor nucleus, [\ F PDN tME333%) &, AT
R#% (pontine urine-storage nucleus, [ F PUSN
LWEELT D) MEET D LIIBRRE L.

SEN N REFBOGOMER L, BRAEDOZE
By & R ARG T HHIET, ThdbToDHE
DREBRIZOWTRER L, LT ofEiRaEi.

1. PDN oHIBIC X » T 7 a0 s A
ERINDD, FARCHREFEIH ORERRD
L, RTHETS.

2. EEbrrsatiZiRBe H b & £, PUSN ]
BCEMAECEE 2RDE LR, SREREN
FHOBEIIEINT S,

3. PDN ol X b BEMAED EF LR
BEYHOBEDHRIE - foiuT, PUSNDH]
BrBEhEbEd L, BEOFHEAFT AT
BHE, BERoImE IEISh, RRFARER
W OHRBENHETS. 0B, By
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175 o B3\ T b R BB b LB
4. R RICBIRT S L% bhb Chb
FURBORBC O\ THEEE ML -,

ELEy MOBBEREHICE!TDIREHRSBELE X
- A UE L DBER

HER(E - THES - FEHEE (ERZEXE?2
A7)

EAEy P OB PR EHIHL, Rk X
> TCARL 7 IRBEEEN L 2RFGTEE L. Bt
FEORRER 2 BTV, RIS ISR
TrxAh, B EhEh Krebs ¥ & 458
KC¥E#ARB LR L W BEHEDA T /8
A% LY. Krebs e 2 58RO E XL
2cm TH5AH.

1. e iR$5 & FOEBO BB DOEE
R T S, TOHREMMNERTOERS, HEEO
B, MEDEDIEDS L, MEHOERNCE
X HAILTWS,

2. WEDEBRMREINERL, EEMEHRKE
% RIE T 5 RN 81T 5 BB, Mg
Lo TENHEIFORIZHEINILTHIRL
AEELRW. K150 L EoEX g
BEDZLSTHATS, 2O EhbMERLS
4 103 | FEE AR O EERRC B 5 RIS B
Mzt rEZzbh5.

3. HREIEDOKE XIT AL 7 ENEIT

AT ERI STHWATR.

4, TR THERM (50/sec, 5 V/em, 5sec) &
XV eB L, HREOMRE X D bH L,
OBIEERIT X D BIFECIIEAREL . ZOFECHL
BIICIE A 21 7 RERIIHFIE ATz, BK
B X > TFDAA 7 EBEIHL TR T
COBENHHRIIR B, ¥l v e Vv AERTT
75 LEIERTIL D B EOHBIEST R L IR BH
R DPFR LR,

Bl EDHEER B & ORI ERICREH
N A3 7 KE R MEI S hicled Tk
<, 7FVFY vOREERET 52 CTh R
TH5. Lich-> TLDORED—2 & LTESH
BT X 5B CIHEI & - CASRAE DR
THZEREL Bhie.

RBREBRREOTR S LUERZ B Ok

BICELIEZTHE
J 75=2.D. 2 TN BECaUF (£
% v =2 @ s LEBTIERT)

KEEEENLENE RSB IETEROF
o hECEADERN LML T\, Alanis
4y (19654F) KIMEBEECHERIN S HEM
BRRADENDHD HDRXLBRMERENLTES

TEERTFR L. SEOWED B REEEHE
DIET) & REMREE L OB OROERS D
HMOBHY O CHENERE L BRDZETH
5.
EER TR & B\ CIEBNE U 7o EFREED R
BAWTITIRV, SR OB AR & Bl R O
RO BLRNIEE 2 LE LRABCKMEEOESR
EBR IS L. TR SFREE g
SR ENC ERE AT X R B & AR DTSR
BN F OBALITFERE ORT - L6 <. 3R]
RSB OWINLAT SFIRE OB RIEE OHIn&
SEFFL T W,

KB O OHEE ORI CRE AR E 2
BRI S FRENC AR 2 L IR T
CREMFRIET OISR S . LR TESL
TSR RN D~ & — VI B OB DIRIE
#1& AR —F L OB E R & RREDELER
Ute. SRS O LB O i I a0 iR
B LRSI SESIEE TS, ThbORRIX
RAEFREIER L OMER—~EC LR H
Sivivie. HFEMEOEEIXEBOTICHINT
BRI LRIzl %T 5. KB OE
IE A RBANRIE R 2 IR L O B Ul R 2 fiee
DFEEIEZ - THINT 5.

BA B oofERAs BRIMEE S FRIE OIS BN A 38R
WEED O EER T LOBRI RS,

BEREFESERICHT D RRMERGEDOH

W ORE - HHEZE KK 24H)
EEEEE, v v VvEILTY 72 w5 4 — AIEBE
R, AEmERIRETHEEIIML TS
BiEE» DEKEERIEL, TR T % FIH
MR ERO AR L L b7,
BRRASREMITBEELM & Zhic ki &
BB D, RIEHEREHAIC X 28 LR
Lhvich ot PRGRBRETIBIC X 5 BRRGED
FREMIBEEMCIAE 2 2B EELERL,
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FORRME AR X - TR .

SRISTHERIBNC X » THRI N D BRIERERA
BEILRO 2BeST bht. OFHEEELRTS
o, () BRECKEC CRANEEEZRL, £h
DRECFERER LS b 0. hEERgc
X BIEWBFEEOFRIE S KRB0 SE &
ABEREGITR DRSS - . HiEEAORH
BEsREE L, FBREEAEL THRD L, B
EEFEREINEEEORE L O ERIEKE)
LEWS O (ERIEHKE) & 0 2550 b,

rhEGRIR A RIRC X 2B = =~ VORE

BRRILTLUIETC LTI, ik
R X » TR e,

R BREN £ T D BREOR S Ty
R AR IS5 &, RIBHRHIBIC X 518
YRR DB IS BT 10~40 msec HHIH X e,

BRI R SRR 5 &, SRR
X BB OB KB ER ORI IRD
wRLA. Z OREDRISERERE X h ERE
HERE D b, oo
FERRE I he.

ZHHDORED B, RS DIBHEREEA
DT REMEDORESIIE LTRSS S O TR/ s
LAKBEY T bob 0 LRBE R,

AFIEBGTB LAY XLOFEM
IREE CHR8E REHY)
BB A 7R TR e DB ARE O

WERLTCHFOLEXTEL, ThZhofd
M NEB R RIA LTEE 2 EoMENEEE
oy FFRCEET 5. g LLEHEMILIE
REPEBSOEHERELCNDHEEL DT LN
&% (Ebara, 1964).

DY R A0EABERLTZO X 3 LTE
TefE B R R O OEN /i) iz, (a)FHE
W4T sy X A%k, (b)IEETEM O OLE(LIT
HEAETZY Xa0EN, ©n:l GE ey I
SV RaZE, () YV RADERE LWELh, T
BB, zhbik, 1)1 v AL ABROTRE, (2)8
BEEOTAD SR I > TEL TV EELD
5 (Scher, 1960) (X v cin, GLEHfED
HMEFERCBTAEMC L > THEUTWD EEL
B, MY X AZ5E, Bl ¥ Wenckebach
OEIEE Wb Y R A FHELh R AR
BHERFRL T\ 5 (EERBE-EELDR
to. EREBEAOHOE, i Mia o HE
fERCX » Td BEEIOFTHLEELLNRD
plateau LAY XA2DBLE YV X a0 FEHiR
FBRKRELBEELTWBZ EREL DN,

L THFODLER, LS - o OmiiE
PHECEALA, BEEHFALEVEKREL
TELEST—2DY XakoL BHHEL L 5T
W EHEEZIN TS (Ebara, 1964) 23, —fic
RN IR R RN Y R A B kA s & B DL
TR ORI B Z Lk > TELS
LELLRIEDTHS.
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EEEXFEYHEERHER

BIRE 8 RIBJIIERBORRICHEE L L TES
FEAES N TLOR, BIEHIHI0EE cHlE 2 0
EEBEID o3, HIE645 B (1873) £ HER
AREFRIBRICRBEE FR L, REILA»SIE
FHEEL PRI 2. ThBLAEBREESRO
Blih ShTvs, Z0O%HATARI4EE J (1876)
WA EEF LY/ ST B,

EBFEPBNC & OFEARRESERIBR R & BiR
ERTWiEvS Z Lid, YURKEOHAE K
THEPTH 228, EPEB L TP 2
TOFELVEGEN LV, 2712 L BJRIET A
(1877) e & icB b, HIR114E10H (1878)
CHBREDBRBEDOD -7, YHoBEoHh
CARNAPEBREEE T -7 & VI BHL D
BOTESANBTTH S 5.

BIR144E S5 B (1881) AN ENETIZRMES
BesFsh, RE T BlC BB ErgEL
7% ki, BN TRERE— (—
SHGR) DRI - AT AEY L, BHA
15426 H (1882) I ixZ B IKE A i E T
Y, INABRIBEGANIRENSE « AR Y
FTaz iy, zokrih Y ELEELH-
T3,

BIR214E10H  (1888) /hREBGMIZEREIHAL D
WELLY, BBAEEGRS ORERE, B
JR256E 4 (1892) Tid e 2 REHG - T
BIROEIT Y 57z, HITR284E (1895) (IZARAT
=ZEEEICE Y, FIKASS0ERRE L%, 314
2 8 (1898) SRFBIAHEMTA334E 6 B (1900)
ECHRALEY, BIRSMET B E BB KR
BiRNIRF L L THHIRSSE T B (1902) T
B L 5T 5, ZOHRBAIRSSE 9 A 536
F£1RFE TOEMMRESERRRIESEY L 5
T3,

P EBATRISEED b O/NBHGHRFR LRI04
THEBEZIRARLFTEINZIEET, -7
HEONE D YRBOEBERETH o2, I
RUSOBFER R & LI RE B 3 5mn
2. (B« IR R R -B an B S, BATR27

E3E 11-12H).

BIIA364E 7 A (1903) i ERFISHKESICE 5T
FMmESTEFEMER WS, Zhichk
ENLEIFARDRET 3 B THR36E2Z A
ZAEREERE 2900 TAESE O BEHFE RS
7o, FARTBITR214E (1888) (R X v /AR BIEER
EOTCRICAEREERE LTERELTHY,
WEEBEIC IREME O 38 T DS TR ERES H
Sle. BRCEIRIT i 5 Th HETR434F (1910)
FA i B+ 5% 0 6 E/icid, Btk
S LA ETEE LTR Y, flad RS
ERFFEICERER OGS (FREZSE (B136)
56 : 25-26) HAEESHIcET) (ibid (B38)
62 : 63-75) TREHRAFANE & ARERRENE O BUE)
B TROMER L FE L o) (ibid (B142)
85 : IR X O13) HEDHEND 5.
FRIBRSEL B b2 yE R A Ve
BEZFIEOT-DEFEL, *OM/NEEE %
WEOBHELHEY LTV 5. KETE (1912)
JREIL, KIES4E (1916) ESZHT OTIFRIEHIC
WA HE & I EBELERELFE 2. AR
DHIEN RIS ERHTICLE D , (R
Y a—FUoRRRIT 57 ) a—F O
) (haEZE4sE (K 2) 11 82-95),  TATRRA
7Y a—rFrieRETAR0EE (bid (R
2) 112 1-40), &R 7 U 2 —F o OEFERB L O
ey (ibid (K 3) 116 1-31) HoMERDH 5.

KIE 5 4F 8 ARKREEIXEMFEDHEE L HR
LCEDEEHEIFRLE LY, ABEICITREAEE
BB EE S ic. BERITPIIRI64E (1883) X
D RIESE (1916) & TEMESL[EFFMER
OREFFRRE L LTANEDOED - RERE S
B OMTcH Y, PRI (1907) KA
R BEMEROWF 2B TYRICHRELZ D
DTHB. RIEIFE (1920) X v 3EHIEMIL
A ECHE, REZIBMERASE<KIEI
£ (1920) ICECHR> HfR e LTABESEHELE
L. :

YEFOFFRERT 4 HMIcKBTE 3, H1
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ERIMAETET, RBAMED TKMEUIRY 28
% Ul THEWR/IBEROHR (BMEFS
=k (K13) 31:105-115), TREL = 7 A )
(ibid 31 : 1027-1044), TR4A4-PHZEEHE, (ibid
(2 3) 35 : 1583-1792) 33 X U8 TR FE¥ % E£8k
a0 (ibid (WZ 4) 36 : 1039-1060) Z£REM
BB, ‘

22 3 0B0AE T, KRAREO LA
p—EEs%) (PRESARE (K9) 150 : 65-71)
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